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4 This report covers the period 16 Oecember 1974 through 21
October 1975. The efforts reported her.ein were sponsored by the
Air Force Flight Dynamics Laboratory (AIFDL) under joint manage- 3
ment and technical direction of AFFDL and the Air Force Materials
Laboratory (AFML), Wright-Patterson Air Force Base, Ohio.

This work was performed under Contract F33615-73-C-3001. '"Advanced Metallic Air Vehicle Structure" (AMAVS) as a part of

the Advanced Metallic Structures, Advanced Development Programs
(AMS ADP), Program Element 63211F, Project Number 8U 04.
J. S. Ford II, Lt. Col., USAF (AFFDL/FBA), is the ADP Manager,
with Mr. N. G. Tupper (AFML) serving as Deputy ADP Manager.
Mr. C. R. Waitz (AFFDL/FBA) is the Project Engineer for the AMAVS
Program.

A Earlier documentation of this program is contained in the
following AFFDL-TR-XX-Y reports:

Phase Reports Interim Reports

Ph I Prel. Design - 73-40 ist 73-1
Ph II Detail Design - 74-17 2nd 73-77
Ph III Fabrication - 3rd 74-98

4th 75-40
V4

Principal General Dynamics contributors to this report were:

R. C. Bissell - Program Manager
R. E. Miller - Stress Analysis
K. D. Mabry - Structural Design
R. S. Chambers - Stress Analysis

" This work was performed during the period 16 December 1974
through 21 October 1975. It was submitted by the authors in

November 1975.
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SECTION 1

I N T R O D U C T 1 0 N

This interim report summarizes the accomplishments of the

Advanced Metallic Air Vehicle Structure (AMAVS) Program from

16 December 1974 to 21 October 1975. This work is part of the
' Air Force's Advanced M.tallic Structures, Advanced Development

Program. It was performed under contract to the Air Force Flight
Dynamics Laboratory (AFFDL) by the Fort Worth Division of General
Dynamics at Fort Worth, Texas.

The ten months covered by this report include the final ac-
tivities of Phase III (Fabrication), the mating operation at WPAFB,
and the Phase IV test support activities leading to start of the

fatigue portion of the Full Scale Test Program. Also included isI ~ the additional material testing funded under the "Credible Option"
task and design activities required to comply with the contractual
drawing requirements. Tasks accomplished in Phase i11, Fabrica-
tion, and during the mating operation at WPAFB are reported in
AFFDL-XXY, to be published, and included the following significant
items:

1. Fabrication of the "No-Box" Box (NBB) configuration of

the Wing Carrythrough Structure (WCTS).

2. Instrumentation of the WCTS and fit-checking of test fix-
f :; ture parts to the WCTIS.

3. Mating of the test fixture upper structure to the WCTS at
WPAFB.

4. Installation of the dumnmy gear assemblies, positioning
of the mated upper structure on the test fixture base
and installation of the dummy wings.

Fabrication of all program hardware items, including the WCTS
and Full Scale Test fixture parts was completed. Reassembly of

the test fixture and mating of the WCTS to the upper test fixture
was accomplished at WPAFB. Completion of the hydraulic, electrical/

electronic, and other systems to create an operational test system
was accomplished by Structural Test Facility personnel. A base-

r .line NDI inspection on the WCTS, strain surveys to verify load
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distribution, reprograrming of control/data systems to incorporate
updated loads from Rockwell International (RI), and system check-
out runs were accomplished prior to start of the fatigue test on
21 October 1975.

A contract change to incorporate updated loads/spectrum data
from RI was received in July, 1975. Intent of this change was
to incorporate the updated DVT-2 spectrum data into the AMAVS
program. Ram loads and fatigue spectrum data were generated from
the RI data and provided to AFFDL/FBT for use in reprogra-ing -

of the computer programs. A preliminary fatigue analysis of the
WCTS using the updated data was accomplished. Static loads data
from RI will allow completion of the additional analyses required,
i.e. stress, fracture, and fatigue.

Material testing funded as part of the "Credible Option"
task was completed except for certain portions which were deferred
in December, 1974 because of budgetary constraints. The deferred
testing, comprising mechanical property testing on EB/GTA welded
10 Nickel steel and crack growth testing on both 6A1-4V titanium
and 10 Nickel steel, was reinstated 16 September 1975 and will be
completed in early 1976.

2i
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SEC 1ION 2

TECHNICAL D IS CI PLINES PROGRESS

The progress made by the technical groups during the final
stages of Phase III, Manufactu:.ring, and the initial stages of
Phase IV, Test and Evaluatiot, i,.- reported in this section.

2.1 i NGINE.ki. ,"

The engineering functions pr,-gr,:;x for the period 16 Decem-
ber 1974 to 21 October 1975 is detailed below.

2.1.1 St!, .tural Design

Design activtties during this reporting period include the
tuplementation oi two scr-ntt;-.al design uhanges and the updating
of Engineerin -ira'virigs for ti MBP configuration. The Design
Group alo pro,, "-. full tt: e il:n u .ering support during (1) the
final staas ';,: th,. W~n5 Carrytin .xgh Structure (WCTS) fabrica-
tion (2) mating cf the WCTS to th,. upper test fixture (3) mating
of the dummy landing gears and dunr,.y wings and (4) full scaletest system set-up and check-out.

2.1.1.1 Design Chaages

A design change was incorporated to provide adequate fasten- 4
er strength ' the wing sweep actuator fitting assembly. The
original titanium Hi-lok fasteners attaching the aluminum splice
plate to ' 

*. basic support fittings were replaced with steel Hi-
loks. In addition, four (4) steel Hi-loks were added to the
splice plate of each assembly.

Another design cbange was also required to increase fastener
strength. This change added a total of seventy-two (72) steel
Hi-lok fasteners to the existing fastener pattern attaching the

opper panels to the XF39 ribs.

2.1.1.2 Enginaering Drawing Update

The NBB drawings require the incorporation of all outstand-
ing Engineering Change Notices (ECN) to reflect the configuration
of the Wing Carrythrough Structure (WCTS) as it was fabricated.
A total of 211 ECNs were outstanding on 92 drawings at the time'1 ~ ~~~~~3____________I



$, I the WCTS was completed. To date, 122 ECNs have been incorporated
on 54 drawings.

Updating of the Engineering drawings also includes the prep-
aration of Parts List (PL) for all 27 NBB assenily and installa-
tion drawings onto Air Force forms. Preliminary preparation of
all PLs was accomplished, but final completion is dependent on
the ECN incorporation.

The FSIL configuration consists of 101 drawings of which 76
were completed at the time the NBB was selected for fabrication.
No additional work has been accomplished toward completion of the
25 remaining drawings.

2.1.2 Structural Analysis

2.1.2.1 General

During the reporting period, activities of Structural Analysis
personnel included the following:

1. Performed structural liaison during completion of WCTS
and simulated fuselage manufacture, prefitting of landing
gears and dummy wings, and during moving and installa-
tion in the test fixture at AFFDL's Structural Test
Facility at WPAFB.

2. Performed stress analysis of structural design changes
found to be necessary.

3. Updated additional portions of the preliminary stress
analysis to reflect results from the NBB 5 series of
math models.

4. Participated further in plan.-ing for the full scale test
* program including completion of estimated and allowable

stress data at strain gage points for the simulated fuse-
lage, review of AFFDL test plans, and instrumentation
coordination.

5. Witnessed a portion of the full scale operational check-
out strain survey and reviewed all strain survey data
collected by AFFDL.

6. Coordinated loads update information and furnished necess-
ary information to affected AFFDL and General Dynamics
sections.

4



7. Coordinated the planned usage of data gathering channels
for subsequent testing.

8. Converted General Dynamics TNI overall WCTS model to
General Dynamics UGO program for more efficient stress
determination during loads update efforts.

2.1.2.2 Design Loads

In order to preserve the credible option concept, current
B-1 fatigue test spectrum loads were furnished formally by
Rockwell International (RI) in Report NA 75-346 and its revisions
for use in AMAVS fatigue testing and fatigue and fracture analy-
sis. In general, data was presented in the form of node forces
from a current RI math model for a set of basic conditions. With
a few exceptions, the basic conditions are ig or ig. A list of
the basic conditions, grouped according to wing sweep angle,is
given in Table 2.1.2-1. The maximum and minimum load sets for
each fatigue step in the fatigue test spectrum were specified as
linear combinations of the basic conditions. In addition, the
frequency of application of each load set was specified. (Table
2.1.2-11) Supplementary data for such items as wing sweeping fric-
tion effects was also included in NA 75-346.

Subsequcnt to the receipt of the fatigue test spectrum data
from RI, information was provided on the B-1 analytic spectrum
for AMAVS fatigue and fracture analysis. Necessary RI math
model loads were furnished as well as a definition of the load
combinations for each load step. The analytic spectrum data is
presented in Table 2.1.2-III.

5



P'T, 1 3-?,Fl______,

0 p - - - 4r nC)V)c nc)c nNNC4c

0 % 4C q 4C q0 C 4000000 -

W OOOCOOO-4 r4 0 0C'c~

O4 r4r )MMMMMMMM nC)()C n()C f n
0' Lr 1)L f f )L r f nL nL)L)L) 0L0 00 ) 00 0r-Hr- r4 -Hr4r-4N 4 4 NN NN 0

-4r 4r4r4t4t4r - 4r- - - - - 4r 4r - -4r - 4rIr - 4r - -

4z

O 0OO~rti -40000000OC000000 00000000:>o0000:
H 0 0 tOOO-4OOHHOH4OOHHO0t-4O00r4f40r4r40t-4OHO,0 -I0 -4 t4O

. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .

C., p

14

HJ 4J4

0 6041 4 41 1 11

F1444 L4 A - -r -11 0 )(1)4) ) ) )4)) Q) ) 0) * 4

H " I 1 Z4 H 4 H .,-4 rIU0 00 u ~ 0- U8 0 U) 0)wr) : :

cn 00 00 0000 wwpm 0 bob,4 H- a

P 4WPPI10000P r
0 4 ) a H -4-4-i1 0 ' d ' 0r - 4r4r4"

9 4 0 d'd'000 00 ZI44 r

-1, -14O OnV) U)0 CO 3 $4

H H MHH M~- M 0 NP4N

,t..n wa..-i..a..r.s4gM M M M M-, 4 -



TIEOOO-OOO

0 V- OO0OOOOOOOO 0m Ln V LnU) M -%LN r--
r- 4 4r4 0 0 0OOOOOOOm m m m m m n m M Ln Ln n 3

1-4 CQ ON OO r-4 O4H r

O -Ir 0n~ rH~vI- r - 0 r-4-4 N C

H 000C.:.~ )Zce)cc

N. %0f %D %Z %0 k %D %D %0 0 %D %D r

H

r4.

4J 4J 4J1 Q) 4) tO6 0

0 Wv r4 r4r4 r4 r4 r4 -

-r4 Hr HH H -4 r4Hr H(

ap 4p $4 Cd CO Cd Cd Cd CU CU Cd r
04 04 14 I$e W~ P4 w~ m~ wIwe

HHH r4 0W 00 W 0W 010

W NW NN r Nr- Nr,N r

84 C~ ' 40 4C4C)r - nMC)r

m % N -Iv- L L t N N L r.7-



,4~ I

-4 -4

4 ii
-5.

441 4I m c ~ n cn, r , 0

C"4 a C4o~oloo Noo r4[
en c 0 4 1 4 44 %1 4f41 in 4m4 nU'M4 14 -4 -0%47 a -4 H

II - xxix xx x x xx x~ x x x x x xx x x

0.K 04o 000 0a 00 0 0 0

010 00000 OO0N04
000 000 '00 00 00 00 0 00

00 0 0 0 0 0 014 - 4 m 0n c e ? ^ LnW0#ji0M L M L 0 % 0 a%(~ 0si s i s i s

x -. 4-.4 xII,144 x x xx xii xx xxx xxx xx xx
mHr 10 0 "0 c0 0 c, 0 4,4444j 0 00 00 o 0 0 4014

'0 9 i0-4-94-49-4.40 . . 1 .. 99 9

.- 4 cnn 'n tN L.i-4 %% k nt Mu t nL l t % 0 o of 00 0 0 0 0 0 000000

0 r4 r4 "

004,4404 0 0 0 0 0 00 0 .000

C*4 CDC 0 0 V% N 4nr ,4 LMLML
4- 4 - + .I +Lx

0 0 N N0 N0 00 N4 N NN

I , ~0 00 ic I41*44 4, 4 11

L"!0 0 0 coo 041 00 4 N 0 04 is 44 0140004 is 0 U 00

0'4Alo 0 0000 000 00' as 0

'41 r4 g o # I O I P04 "* 0 0 Olis

~ 4y,400 09 0 0 900 009 00 000 00100

.4 -

w U., isI4 r4 -4 r4 .- 4 - N

NNNN
1 NNTA



4] 7

4- t4

zk InI
kn -n -n -. I

0 0 0 t000j r,00 N r, r, rj0 000 4 RLnfl0C0

N O O N en en c~ N N N N N N

4 ,M0 0 V1r C0r N"L a, O*f% 1= A 10 00 00 4 D -. 0 0 0 %D r

00 
c cllc 00 0 00 0 0 0

1, 4 4 q 44jtU __L n L n r 4r 4. 4
r % 0% C%0%i cn c n n n 04 NN1.44x x I UU

x x x x x x__ xxxxx
00 0 oo 0 oloo0000000 co00 0000 0o10I

1 00 cc 00 0 00 00 0 0 00 0000 000000I0

.4 04-0-4 -1 KDr 7 4 m L ID N I A 0 0
U, .~%I NU .~,4 ' OD 00 OD 0

~ V in' 1

1M Im 1 I N -

'0 NI' in kn Lm-i~~i~~'.~' .. i n _ ___ I
01.~~~~~~~~~ &0 01 0 0 , 0 0 00 . oo m U,,0 1 0 0

t, 00 I0 r, U r, U, U , , U, , U, U, U, UNUeqIO'0 N %- N 4I NI~C 04NIN 4 m N ~c n NN

II 0 j N-4 00 0 4 1 0 00

O~4 i V±. +j 1L I N r M14
s-9919W!1!i~ I~oooOO O O O~~ IOnOOO1O9 OIOO9O9InO !

'4 4 4 Cr4 C4j
1
N 4 1  

m 4AC

4,c 00, -0r,0-4 i CCC000

r4 H H% 0  "' I'31 :411-0 3 ANAll A R riN W 0 -4 4 r4 4 , in%

77i c11.1- 91 Mmm(.mgCA-n3 % -Le - in -

xI I X1;-; x l x.xxxX xX i
;,01'00 O I 0%0 0 c I0 8 ~IN0 0 0

I :', >i >I 111 CC . LL "~



> C4

'- U3 0- ', -4 I. H K--

1 ~ Ii 10 10 bID- l
I I41 N 1 i1 411 ~li

4- x I 0 00 01010 _
0,0 1~o0" C000:0i 00 00 0

r. III III D 10% ID r , :

LM; Ln r, r, ..4j..41.*4 . 4.41 41 4 -4i-1q1- 4 . 0 '

.4 414 1 +1 +4±~i ~i:

0:0 U~0 00ooco i 0.%I%'0" 00N N0 N cc ~ 00 ~ go 0, C o o o C0,0

"n I 10- C4 .4 C, "00 M c n. n nc,-
ji ~ ~ X XXX X 1 X XXX XX X P ir DD% 0 % 0 % X% D% nL

1, 1 -- CCC 4C ,4 14 -1 i 4 41 1 1 4 - 1 4 X 4 1~X X X XXH

.4 .4 4 4I 4 ,

r-. 0'0% ~ 0 04NI I~OlNc N10 0

C0 0 %0 '00 0 0
0
Oi 0 :00

CI O 1 r, 00
1 ts0 ' '0 '0 0'

Cooh 0110 C
il I *~ IN N0 all

Cl' ^ClD Co ' qI - 1

qe o I co% ~ o. .D J O -,mlr 0 017 1.4

Lm, ~ ~ ~ iI!O, 1 ' D I D1 1. 01.0 0 0 1 , 10101

U'41 I I - i~Iu.4
i N 4P4 I II

XT, cnX XD tf ~

-~~ +

0 -t 0 0 0 0 00 0 0:0:00100:0010 "C, C. w ',C, 1 0 olo.lo ol i r,, 01,0N1N NN N1 10D l 0 ' 1

04,0 &N NI N 4144 4 41I 4- 4 4.41 .44.0 00 ..010 o 00: co C
.:4* 4 4 1 4 - 4 74 4 4 ..

xX Xjx X ; XXX1 X XXX XI XX iX X: XX5IXIX X -X xIX ~ X

0 ooo0~ 01001 -1 00 ' 0M 0!00I0I0v0 o4 l 0 0
00-I 1 0 , a,~I~ ~ 00 100101o , rj-j Z a 0 ! "0 m

e'~~ ~~ 0'0 040 00 0 'DC 4 .i44.4 NtN, N0 NO N'N NfNDC ~
1- 1 41.,.4 .1 !4'4 4 -4 4 --: C' * -

,WI.4N I r4 -; r,41 -4 'D1 D :4 Nj4% 2l0~o0o 4 .01001C 04 ,4 0%4 0 00 0010001;
r2r -4 1 44 41 4

L4x !x , 4x> .xxX :XXX ,xxxXXXx



i>- .'~V' ~ 4 ~ i -, _ _ _ _

I

14 I4 1 1 1 4 -1 -1 4,c1 I
4 IJ 1141 C1 IcI0 4 0

I' 41 :I C' IO~ n O

X 4 -4 4 - 41--4 _11 -,4j -j 4! 4i~ : '4 111 00 +4 CJ'

-44- o d 0 II ol no 0, tm Ho 010
41 -444 NN N ' -4 ,-4 ,-

0 0 01 0 0 oN N l , 6 0 0't - - .- ' 'o 0 - 4 - 4 010'
4 - 4 4 00 - 0- j OI 0! 24 .4 C00 0 -4 -4.0 00 -4 ~ '4 : N .. 4 A.4 .4 . -4 4' N' -1 CV 2.N C~.~.4.4 N 

4  ~ N ,

it44 1 4 . CA~ -11~ 010

44 .I, '4 If 11-11 iC

0!1 0 00o0o0 D I

I I g000
oof!oo 0 j i0c i!{9 e j oi 0

hi-1 4 4I4'4o4 f 4 -J 4  U4 -4
-40 4ij*

13 -tr i 0 ir00NN N 04 I ! a, co 011ol ONN0j

0 0N0J~ 01NI N1 N0 (

-4: 4 -4. -4K4 14 0

4 IlN C'I: 4 N 4 ' s N
4

3 01 ON 004 00 0!

4_ 4 - 4 r-4,4 4 - 4 . H, - 4-4N N 4 4 4 4 r~ 4, Nj 4 .t NI, N'

oDor- NoCo 'n' 1 - 1C 0j~ o0o 0 0! 0c0 00 0

9,0.4.. - -~. . .' - -4; -4 n~ 9 -4 -'i -I -4 1 91 0' 4 'T 010

"- I, fn M ,c 01 !0. 24 C. 29 04
W ' C4r- N C404 -' C 4 i 4 4 I I1IM I

,-4 f 4 41 4 0,J010 'o I ''
0-4 4 4 .4 -~. 0O 0 1 It -KV. 4 N f.4 i -4

1  
00C 00 0 - C04 0.P

00l.J OII I C...'. co- 0000O'o Oo 0 ; o

_ _j -! -9--0



C411c .4 I n Niq 4V 14-1V 1 1 1 1

0** -T

H' N N n I"
*~~-; xH x - .j:..4 M

- 0-

HH - 00H0 0 * .000000o00000 0 01 co 44 4 x 4 4 c n
0 00 '0 14 ',0Ii a q C4r1 *

00 %0 cq~ N0 n m LI

0 00000000000, 0 0 IC, :0 , 0  0 0 o ::Ul:I
'DI 99

0  
9N44 941 999'.4 44 100. -;dH . 9 4 4 4 4I4 IA 1,.,, IA IA II 41I C, 0 x Vj0

.0
1I414 MI j ~ I 0N 0 0 H4 N M~ g in %n W 0~ e10H ni~8InA j 0 0 IAAI.?I cn e.Cd rj44 N N nj cn en

0 0 o0

1~~~~ 0 0 1-000 02:1 0 I NN40 A

00 00 K0 .xWN k-- 00 000

0 CA. o409 m m*- m m 4

I4~~I " ~ '~ -, H N H0 'O 01 O A4I O40 1- A4

I- C, N
M jn CA It mD LM On LM In[ IM

!Ij~' W

+~ 2 1 +-++__1_44/:MT:;z~;: 0 .. 4 .NNI 0NNCc

0 0 0.. -0 00 0 0.-*



I IT ,

.1 10 -4.4

-H I -I -I -I1 -H 1 1-

-4

HI tA4
NN NIN 0 ~j 0I r.z 000Ic00 rr-0 0O 0

OiO N- Nr , c N 0 00 ' 
0  

N N N N N 4e n lc

I I4M 1 q M M (

oe (n N 000 00 CO00400C

0 00, 00a0 0 N 010 IN4 4

r%0 % % r o ~440~ O O co co8 r' Cdj N . 4

XX X X X XXX XX X XX Xx xx xxx >

0 0 c o o 0 0 0 0 0 88 * C ) . . . . . . . . . . . .

ol~ 4.. ... 4448.4.4 14. 4 -.....
4 4 ,N O d01 1X

C-4 Is .4NI" ,,1N 0' . N UI N %
mn en .8 0 04L01- Ini -1%o ItO 1.

_ _ i -l ..i I.C4ci
01, C0-04 00 N 0 r% 4.4N N If N CIS 0 0 NN AaA

NOONN 1
N 1  

4.4 40 40C4 CN 3 liN 4 N NNf OO N N N 4NN N,4 10 bD N ' *
.. 4 a . 0% 04% 4 4- xxxxx

.0NN NN M NC%8.4 0 000 ' 000 o '

00 C'04 V c!. 9(. 9
. n- 4 #M4r 40.4 N 4 * 4 4 0

+jLQ ++ + + + + ++ + + +j+ + + +++ + + +±+
000 cuI

0 0Coo 0.coo 0'w.w .0 0 0 0 00 0 00 00000 0 0 00 4

NN<,N

4 Z

-1 _ __h_ 01ii; i



e4 .4 1**

, r G I1 1-

ONI 0-4041 _ -

I n 

-o
'vi0 'nr 4 0 0''n C,4 'n

(n -n iC 'II "IV n n I ,
n ~ -% I 'n . ~ W '

N~W 00 ooc .
c, 0 1444 0 0 C- 4 ~ c ' y 4

n10 V! C-4 uV!~~!0o~ 10 m AN.,~~

000 0 0 4 04 0 000000 ,0 cc 000 00

0 .44 t n tn 
4 t Lm P- r n r . . .1 4

00 0

.4 C~ / 4) 44 1 11 441j4I N 0 0 00 co 0%0 0N1 n ~a, N NN -4 444 .' 'o -4 - u 4 444,N

K I I

- ~ ~ ~ 0 ~~~ '  
2 '0~0 4 00I 04 0

I .. N .N A Ic 4 -
44% LA- uiI. n nc ,

.00 0 00~ I I .
X ,. Ort ODN N Xs?' N

'41 1 .1.'!l x i., F 911

I+ +~14± +i;*
IL 1.- 10 -

wl4.4 N1 NooAjnCofr
F rr r P r, nv! - 4 r.
44 4 4 r4., 4 4 n0 LM

X~ ~ ~ i x I.xxx xx ixxx xx
9 00 CI 9 9oo9 'l 0 . 00 0000 0 X O xI 0 ~ "1~.9 9. 9 9 4 !11

a*IO CO. ,-- - - - 7 -"oV'.'

-D -o cl, at *
.4N' ~ ~ 4141'a N &~' 04 c_0J~o~ 4 4 O~o O

w __ __I I444--

__L-gF
[. . .. . . . . . . . . . . ._14



~~*-~~-R: wz i~ 4

NN

41 4
7 -4

0 0010 0000 'c I IV

rrla

11O C M IT c'-: ~ izIi' 0 l (4 _ I .

10 C,00 0 .O OD0 0 0D0 0 0
000 4 04n .4 M r4 .5 4 50~

'S 10 i 1

0 0 0 _4 ;; _

, 4 h-~.
4  Ic ';c

4 x X1x
j 9 9 4

NI4 10 C~ CDo04

0 0 -

c" c'7n0 .- . ..c .4 N. 4 N '

-4 0 4 4~

Wy, N. CA '0

0I* 0 el -4 -4-4 C-4 ri CC) :cC .-4 W-211 A _'o -r- I -N

I- C. 4 q 4 9.19114



a ___ ______ __________________ 
3Z_

11t ll-ifl T

II liiiAA

ait~ 4I 0 I
Nt N N N'

'-4 10 C-4

v4 I .4

C4 9 -, C

.40 .4 o

IIt

L~q - 4 .41e0

c" VM q 1 N~ l a a
(.44 .4..' It i , * * 0 *I , I.

PI, x x4. ' x4 x4' x4 -1K I ..

1,4~ -4 .

I .41 4 3 4.44j4

A.J0 O 4- 4-
0: 0 ,01 000,0 C '' cO

fn .4a 11 4 n1 10

Vt 4 4,43
010

1I '4
-4 -1 -i 1; _-t 1, '

12- -4d ... 4 .444.

A "IA- .11AJ

I .4 .4

~ -4.44 . u . 1



tn .4 N .4

j co c 0 "4 N

41441

I t
.4 NL41

00' 00

0. co - -

.4

4 Ii en .4

Ii 1 -ri0000 00 0

N1 9~ 4. N

-10
000 0 00C17



>,0

2.1.2.3 Analysis of Structural Changes

The existing titanium Hi-Lok pattern attaching the X7223903
aluminum splice plate to the basic wing sweep actuator fittings
was found to be structurally deficient so a new pattern using
eight additional steel Hi-Loks per airplane was developed and ana-
lyzed.

It was also found that the fastener patterns at XF39 andXF84 for the upper cover chordwise splices were not adequate for,.

the final math model loads and patterns incorporating added and
increased size fasteners were analyzed tc arrive at an acceptble
configuration.

2.1.2.4 Strain Survey, Full Scale Test

AFFDL Structural Test Facility personnel first performed the
test operations check out and strain survey task through the static
application of each of the fatigue test conditions specified in
FZS-219, Rev. B. This included loading at selected increments to
the following percentages of limit load which represented maximums

W.i for the original spectrum:

85.1% of AS2000 ( A = 150)
92.1% of AS5000 ( A = 150)
60.8% of AS7000 C A= 150) Taxi
71.3% of AS9000 ( A = 250)
64.2% of ASl0000 ( A= 67.50;

For the flight conditions, 5 psig internal pressure was applied
Pat maximum loads.

Since equipment limitations prevented reading and recording
all strain gage channels simultaneously, the gages not connected
for the first series were connected and runs for AS 2000 and
AS 10000 were repeated since a review of the initial data indicated
that they were representative conditions.

Following these tests, the updated fatigue conditions were
reviewed and it was decided that Fatigue Condition 117 should be
run since it was for a 550 sweep angle for which no prior data
had been obtained. Loals were applied in increments up to 100%
of the condition and 5 psig. internal pressure was applied.
Finally, the test was rerun with the disconnected channelsconnected.

Computer printouts of all sensor readings were received from
AFFDL and the raw data was reviewed. It was found, in general,
that no excessively high stresses existed in the WCTS although
some were less than predicted and some were greater.
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Sample data for several representative points is shown in
aTable 2.1.2-IV. No significauc nonlinear behavior was observed.

The left hand instrumented shear strut (Gage 7001) showed better
agreement with predicted loads than did the right hand strut.
(Gage 7002). Complete agreement was not expected since these
loads are very sensitive to upper lug angles which have manufac-
turi,.g variations. In addition, the right hand strut attachment
had sonie variable looseness for a portion of the testing.

One area of concern was the lugs where bending was indicated

by corresponding giges on upper and lower surfaces. T)e measured

F I and predicted stresses are shown in Figures 2.1.2-7 and 2.i.2-8
for the upper and lower lugs. Although bending was present, it
was decided that no tension stresses were high enou);h to indicate
a potential fatigue problem.

As a measure of the efficacy of the test fixture in applying
the fuselage interface loads to the WCTS, the axial stresses in
the longerons near 932 and 992 were compared with those predicted
by the simulated fuselage math model for corresponding locations.

The comparison3 are shown in Table 2.1.2-V. Relatively good
agreement was obtained for the major members, particularly since
the predicted stresses are based on estimations of effective
axial area to supplement the relatively gross finite element simu-
lation of the simulated fuselage and adjacent structure. Pre-
liminary review of the data indicates that shear flows do not agree
as well, but because of the limited number of strain gages, a full
comparison is not possible. By way of additional comparison,
ratios of the predicted simulated fuselage longeron loads to the
NARSAP values furnished by RI are included in the cable.

It should be noted that for all strain survey data presented
small corrections for zero shift were not made in most instances
so that stresses as obtained from gages are preliminary in nature.

for biaxial stresses.

As a part of the strain survey, deflections of the fixture
and of the specimen relative to the test fixture were measured.
In general, the win- •ip deflections were greater than predicted.
A full review of the data has not been made, but a portion of the
discrepancy appears to lie in greater than expected fixture de-

flections which allowed fuselage pitch to occur.

Further review of the test data is planned.

19



4. fn Wn Mi Wl l C) U) U) *ri - r b U) Cl) M) U I
H~ E-4 C14

0 rr4 4 e4 *Hj *r44 *rr4 > > -
Sr.4 Z z Z Z Z Zz z z.1

C 0c 0 0 0 0 0 0 0 0 0 0 0 0 C

4.) 0d.
5$,4

r_ H_ - H H_ _ - - _ - _ H H- H- H- H 4
V A4 4 4 N4 P4i a4 11 04a P4i 114 A4 P.4 A4 4 400

U) C 4$4 $4 $4 w 114 $4 $4 $4 W4 $4 $4 $4 W4 $4 $4U)II

cu4-

r-4 00 H- r_ N1 O N H~ _ c'n C* or)C cn N C'J 4)rZ4
C. r)c 00~ 04 Ch ON ON 0%0 N r- Ch H- C1 Wi 00 H- LA00$4W

H -4 4 cvn M N1 Cn N 04 N M M A 4 H -H * N , 0N N q "44
~' IPw H4 CU

0- 1 11

H U) N_
A U 0 -4 r H N C' 44 Nt H0 r4O N 0% N %D 0 rI

H- (n) 0Cj CO H4 ;A N4 0 1 ' N4 N4 f4 4 H H4 L4 CO N4 >
*U) 0 ~ 4 -t cfA C 4 CYA N C4 4n H- H4 N N H- N i

1-4~

~ *aU N N .. ~ 0 '.0 4 0 C 4.1

E- H CfA 0 C% %D0 ON C- N %D v-4 '.0 H N OHr

In N41 L4 C4 r- 0% 0% 0 1A H4 N4 0 CO 04 CS 40
4 ~E-1 N* N %.D Ln N, %D0 %D LfA '. N N1 N '.0 N- LA) %D04-141

0U

$44
~ H 4 H- mA m~ w a% mA H- 0 H- 0 wC N 4 N H4J,%

Ln M% H LA C4 4 H4 H. 0 H CO CO N 0C0,
H C N 0 %.o '.D N, Nl %.D Ln tA LA) Nl N1 N- .0'.

CCu

U -

P40



4d 4. 4.1 4.3 4 41 *.4 *M *
4  

w) Cl) to U) w) * *E-4 w) UWU 4 U E-4 E-4 E-4

Z,- > .-r- A> 4 " 4 "4- "4 I

a0O0 0 0o 0 0 0 0 a N N N 0%D '.0 H H H 110 f- '0 1.0 'D H- H4 H H4 H- C1 04 N* 04 N

0 1

0) 0) 01 0) 01 0 4 5.4 54 k. $4 $41. 54 54. 1 4
.~ .1 4. 41 .1 4.1 41 41 . . 4.1 0) 0L W 0) 0 0 0

S CU c CU U C C c td 0 0 > > > > '

$ 4 514 54 $4 $4 $4 54 $4 54 $4 $4 $4 4 $4 54 w4 5 4 5

t-4 0D 0 004 0 0 0 04 04 r- 0 0 %D

H C4 '0 H 0 N4 N H .4 4 4 00 N '

-4 C14 c n N N 4 Cc 4 N . H H . N H N H- LAI N. H I 2
mI m mI- n r 7 0 % 0 c It Im 1 0

L n* CA cc CO H L N 4 Cc '.0 4 Cc . C 4 4~ LA C
C E -4 ' 0 4 Cf) H* C4 H 4 N. N 0 4 r-4 N r- H 4 V- H '. N.

NH H- 00 UI r 0 00 CA r) e L l ON C14 C1 N- 00 N. %.0

P. N. N. N4 C4 0; C4 0 H4 C4 14 cc CA H- H4 H; '0 C4
Er4 C4 IV 14 4 N 4 - 4 r4 1 V I "4 r4 I

.4-

N. N LA) 0 cc N. H LAi N. MA LA 00 %0 'D N %D0 CV 0 1

F- N 8 C4 9' 0'. 4 C4 LA C4 8. 0 c C A C4 O C4'0 N. %.0 H" 4 4q %4. V N '.0 I- I I I N

H- ON. Ln %D 0 4 -H m cc D' LA N.l 0. 0'. (A LA '0 D
0.. CA cc N. LA CA H CA4 c LA CA N 00 '4.0 4 C

%D '0 %0 %0 Nn 4 A 4 N CA 4 N1 CA) N N N H N N4

4 LA) N cc 0c N ' 0 N
cc Cc c c 0 '00 0 0 H-
0 0 0 0 0 H H- H- H4 H-
H- H- H- H- H H- H- H- H- H-

04 0 4 c 4 0 N 4 N.
4t LA LA LA) '0 N. N. N Nl.
0 0 0 0 0 0 0 0 0N- CN N1 N N* CN N* N% 1.1

21



Sz Z Z Z Z Z Z z z z z

r-4 H4 H- r- H- H4 H- H. H4 H 0 r-4 ,4 ,-I H-

00 O IQ O PI q Iq q PI I Io PQ I q PO II IO

cO CfO CO mO Ce CO) m CYO CO) M CO) MO C ' a' a '

a' a ' all a% a% ON a' ON a% ON a' m' m' m' a '

HL 44 r4 r- >4 04 r- 0 C H 4 >4 C4 4 >1 a' >4
a' Cl Cl 4 a' >4 O 4 Cl 0 4 C 0 a

N-. t Cl4 C C4 C C14 c) Cl4 Cl4 H- cO C Cl Cl rI c N Cl C
I I I I

'0 m.0 CO c 0 Ln 0 ' '0 r,- ID Cl 00 r- Ln cc '

C> H4 .0 L4 g0 CO 1 0 O4 1 % C4 C4 mO cO) N
H - Y) 4 Cl C Oc l c C -H C l cJ C

cq~~~ ~ ~ c Y t e C4 C rI If Ie - q C l

Cl

Zl 04 C a' a' a' 4 c4 cc cc Cl Cl ' H c 1 0 H '

"R HC4 0 l Cl Cl a C) (Y) cc cc 4 cr) )c q 4 1 a' a' 4 a'
r-4~~~ I- I* Ie oc

,0H Cl- Hq C) r4 l -CO CO Cl Clj %OO Cl Cl C4C

00 cc Cl N. Cl 1 . 4 0 N 4 H H l 0

H H CO c 4 0 1 4 cl a' r- a' -1 - C

cq~~ ~ ~ 00 H- 14 % - 00 0 0 10 CO 1 010 'j C4

4 cc 44 4; 10: H; 40 c,0 I

C4 ml c Hf '0) r4 cct t O Hn C 1 0 0e 4n %D c cc C C

Clr r, 40 10 10 H 4 10 10) Cl 0 10 '0 1 ' 0 0

1 0 r 0 c a' f-4 Cl4 CO4 r r4 01 Cl 10

0 0D 0 0 0 0 0 0 0 0 0 0 0)

CO) CO) CO CO CO C C O CO CO) CO CO) CO CO)

CO) 10 '0 r- 00
0 0) 0 0 0
4 4) C4 0 4

22



3N*

Cf) Wl C/) C/) EP M) EH Cl) C) H- H 4l

a)

H '0 0 C) '0 U1 N L0 N . c

S 0 '.0 0 "0 N0 "0 H0 C4 P4 p ) 0
s- g 4 CO ' 4 4 0 . v' .

5-44

CNI '.0 C N N1 C1) 4 N 14 N Nj Nj N

>4 4 N4 4 H4 4 H4 H4 4 U (nc

cl I I S I c!

0 "'I in t' H 0 o~ 0 N H 0

N N r 04 I~ H- C) H q 0 -0

o 00 '0 '0 0 N N n it4 r- T-H
a 04 Ng L g g g a -

N cC N N H - I H - r4 Ht Nq N N

r- 0 '0t %D 0 1 . N LfL') H H i

I I

o" Ho H- H- H- Nl - 0 r N N r-
P4 C0 0 0 0 0 (0 0 04 1; (=

4- 4n 4n 4- 4- 41 4N 0

I 0 0 0 0)0 C O - 6

23



-A7114171 RI 01 S d 1007 SL FS ~D 
1~~~'7L- R1006 SLU / 

1 8 S L 0S

JS X7ZZ4106. 
004 SLL 108IL

71 1002 St L~ "

A A5 Na

A$--

17

I02 St1 
04 LF

1009 SLF 065I

1028 SL

vl L sI

/~
&Q 50

1022 SL

-~~ PACE I1 &IV~L~ Cli T FII



7- - wz ~ ;7j

±2 if IM~ doCI

ef 105P. Z5 all-- 2 ~

+ + + + + +

.t O

Z, - -,SAi 1

Off5L IOOOSLL

-1 I - I 1 1

j/ +1 -- LOA P



-~ ~ ' ~R

II
XVI ,?6- .7)

VIIS7 =111SL cD

R E' -E

*40 NUMBERE A.U~ B. C

CINERCOCWS IA-~~~O .______________ Si AI

- ~ ~ ' ~ ~ I i 
L L IT E S A E

1105 S 2I~HEN LOOKING AT1105S' S 119 SI ISURFACE 
ON WHICH

L'a , I GAGE IS MOUNTED.

~..16.30 I a L40

At V?4* /.' -~* 7i

1. ?1d-N510ON5 4 MON6AACIK/t A"SAI "dF
AFI~LY*SDALMI =11 LAVINC ZUe'I/C A 7 A

70 AAAa 'AL 57AMT AAJ, sai -11ALA11
41A 71 hIP CA AA*L14A7'CN A"k X124I9%

4 Aex PARr Am x7zl/a, CL IA

A asjV LAA/"'/ATIAl' 7 TW Afh' relalUkf

7c, CILL VoIw- O AlNs ocAL.TUkPl CIICAL o.'AI$ 1AM .' -FAA

NAAeS /A AINCCA4 WIT X.,'! . -- d
.AI.MAIf-AI 4!C COO.'

-C10 SUSN CMI sX7/

yo.si 0 Y 9U CW as) C3.)..*7!

.7 I t,.d

N.0 CAV dif9- Ci Al smy

-18 As~7 r S

Nor ..- LUGJ.OWERW-

GAGES 10CATIONS loMI,04 91070# X711124170

ASSr Perm er.N-&A

-t~ - - -



D PfJ: Zr
-- 2044 SL

FS 2001 SL 2046 SR -(i.LP2002 SL 2961SL FakI

I'~~~~~25 ALL01 04 LF

C /5 AA 21.41 -

kOOS 204 SL6A 4t+ 2047 SL0LI~~4

2003~~ SL5 8

202 20L F5$ :~,.

.Y I -014SLI

201 S itT$
200 203 ALJ238S O tI ~j2007 SR rS .wrA. ...... AA

2034 AL 5.50 +- kL~ N~f~pv

IAcrL LDAAN
PO A T 6NSII

1, IRS 6

----.-~..--.-~-- IWOCC.



TryLC. ;L .7

ot'sSLa~ R

fric.0L Post .1
200eC. SL &A ft

N. OF oftediZ, (ut NDT41 WTI0N L-Lc6  SECTON - c
rke W $CALE 1/1

21055 AL -Job*_29.30____

I-.P

207 SRFS

I p it

4 1 + __

A~~ +L -

2060 SL~ N 7SF
2061s +2072 Ft )3S..xZ~L

I 206 SR -207 SL F 2065

0.0 2066 SL+V M

A~ so
fM 3.0

1, +y-~e , I __I

SL FS 38 -SO f +

RAW +i + ~ Tfed2I
7,-



,1 h1 1. f

I. I

CA7 D

SECTION M-Mcd
3CALA1 1/1

0100 ~~~9 FA57[MEQ CCC; __ _ _ _ __ _

CLA5U 0I!W LOOatINGO W '11 Co IO f 14 I OCA?01t"
kill L*t o 51E (91 (NItA 5If

tStAl S/Co Itn AR !,.of

-. L GRiPa LENh W I 5 "

I o. BA1 -OL ..n.jr ~~ASTENE R laT RASSHER VIA m o o

I:~11 C61 25 E ud'l Notm. NONE4 & A -
B A. NINE .S C1?Z,9.2lgUM

9"1 E NN (0756 ItumL.H4, 17179044 .168

c 2s NON *CZNG- j mos I x N~t- ONE 4A

At +A C07 NON 75* t 94O 11513M 2UM-6E .48

4m , 170 861. Cot?-& N7ON 1M239944 .86

+ All I11 c aCt1 -m ROMEw RUizisL -- A

_H N E,55 t?2Z56-a* C87"fl*6 3tl .A 301I9-1 -836

+ j 30 RUNE UW 2 oo -70564 A
NON 301N4 I'm 5119 t199M,1 _N C076 OI

9.40 &if _ ~ 1zz7
C lI ww M SE DM NI N A A AIA 00 N t""000 A a . i2 N A lE 4, tI.C AI U. B

IsE~lOl UFCERUN.S ~ A

NONE3 XPS-IC7I CLASS - 17MI0.t TyPEo-I 2.

U it NON E NC nIl 70EA CESPR 55 YIL.

7. FR COT&M E E A!TI Dl tE~O DEIAT PACKAG ES

RES ALL LATNERS to atA11L oWMA oNA UFC

1 4CEAN 1.1 -.VAM SUFAE AND3 AtPL -9YEVSHAPE

98__ __ 8#7_/FP__0__CLSSLtTPEJrrj_ ~ ~ ~ ~ ~ ~ ~ ~ Fgr 2.12. 2 ILN AEIL N ETOSo PLCT0%:! 7/28

I~~~ ~ ~ --t 76MRLSAATTOALPT66~AC N T HI L ATM



t.4lm D4OF

ZVI +
s-fop;",

V+
3018 S

AMC31 LF 4 o

is 62 s

S +

,,,~277~~tF) ~ jtoo

al..5

I 3C0S AL

At m o -- - - -

301 AL0 AL- 3011 ~ RAP

3014 SL--jr1

30.

...... .......................



I 19 I
o-40 3020 SL & ~74A~

47

4 - - -.

1 1 .

+l + + o

+ +

-14 +

+ JP

+ 
I 

.

F~i. 
U.OA0

+N +

+

tf.~ %- + -4

I+ L0*s 3010 SL

SL

3013 SL i.
ii -r.~0 7J~i~IrX 2 2 4 08 0~

77C2.LI. .~iJLZ~UT &Y ~~ A



3 -7'

-M

8 1IA 1C4~ /H P,&,Acr 1l,'060e e
7 L 451Af 4L5TA 714& L kSV1

-- z z-- - -- --- - - ToL MAJ4'JR ALLI T/.RU 1 4I W AL M4 NP AA

p" 7SAAJK. A L~VL TRA GI try AN w4 XOLTX 1AIALC&ANC

11~~ 0/AffAI5/0A~I' e 7CPfRANtf5 PJ , US-A5 7' 14/

SAWAJ/IER

A - 40r______o wzve 10'P. -r..j NON it -

.11 .1.2FFN/r RI7IR/ftI/1? N Spec

coolI/ CIAI 14WI

-~ Z06s -- / M. -V M - X77l 14A WPW N f N

?JW979-8- II. I 7/. _____6___ j ft 72I~

-67 *~jf, BULwn AC N 5TL

x7Z 406 RF/22 2jt

- - -t. -------- \ $apwl

ano- .1 '*tom,, X7224080l

+ + A w Sv MAM--4 RAsl/
-tt -4 GAGEMl WCATION t.T V,93 V3IiD^

1, of v Figurel/z 2.41.2- 29/30,7,lj



D '

X714096. Rex

Y,1 332 40 r 6
Y,,

'7 

ol f - .

~~o4 --

soci1 E-Eo

mc-r E+ -Eo

1~4)0&9 1 S~~I!AIOT302 FS4OCE

100
125 P+

7:33 :1: ~~fl~l~ff4~+
-X k7/.40B wl

XL 49I4 00 IIH

A SEE NOTES

SCALEt Y

28'



MIN,

R,?40 65; 0 0F

A 
VIE -4- - + /

3025 f5

77

s-e C - o

'' ,\ 72*408 -0 0
-4 1 23

PA=_ __ _ M=.



23 22 2

I'

"IN

X7ZZ4096. Wer

97ZZ40d7 kii'
- O rsTeI

ASk5M x7ZZ-folO

AA

!LU

BULKHEAD 11NsTL-
M~tl~ - V 932. 00

-.;-;p2408
STRAI! GAGE J X240

4 2 WATIONS WCT 2F321

Figure 2.1.2-3 31/32
- -~ I.(CONT)



Y," 00 REF

4022 SL 4

fl -97ZZ4070 QV

II' 7ZZ4,0 REP ;7.

D ~ -x7Z14070.7
- ~ 4 AIM4070-h OPP

Vr "t 00 -REP I.
-97Z141t.4 REP Xcr 4.o0

(SEE NOT1E 5~ 4) -7 ~ k2zz404 REP

40019 SL~

,f~ M4040201 0L

/~%03 401 AL 7~j5. 5

XZI24IG.4* -a OP

64 77 6 i

z 5 tf



z r T-45 JCEJ A71ii

06OPL ., ----- J J FJ-

4009 SL9i00

(NIP'4-

-. F4019s~t SLF 5++ 0

400 400SL H* +

401 SL 1.00o.~20

+ - 1+
4008~~.5 SL.4 W I~~

+ 07. -7 T

+f+A;+,+ +.A ++ t- +

40114 SL 3 T - 4.0 .34O
4' w /02I1 E~/

F~~I.4S/R, 4007 SL24(.
- Z2 m, -, 7

121-s



A7ZLA064 REF

4i N

+4II
.50 -- !t 1

+I.~
'iii I

I +
soo j~ 1 s+i K 0A A ,r.Vr taf ~g Ardj s4 tA 5A1m

I mOIf .00CRP / aA rt A ~.i F .,

/ so
.+ W.T x~t,4/9

/ ALL. PA S7ZNIM AREE 10AIL-4 SPACED w.T..N 1.0b ?.?wLEN OCATCC
FhTN VAI c)NTITICS5 AS SkOwN.

T0-- . Sto TASLI r, O& ZONE Cto. roo DEINTION CF CASTE.Jri CCSC
'00"C r Rr iNDICATED ON TO[ OWf- IN TOE FOILLOWING MANNER: 0

/ BMIC COOK- 1  f- EA LOCAT'ON r

4002 ALE,010A
-:IO P 'T~A.E 0 tA".. t

40025 A40LLQ I~ '.A.N 5 )

' qO APPL'V -1 SEA..AN1 TO ALL rAV14, O .RCrAt PER AIZZ4I96.

1. DIOEN'bIOKS AND TOLERANCES5 PER LISASI Y14.S

003; SI wi ~- -

t* q pa ..1

AS t41 . 4 so LI40 b4E.RI

M&1 AWO& /0 9t O 1fvZWoLG CQRYT. RU

Figure 2.1.2-4 33/34



-A'? 24050 *6 s RE
*i~ i fl' REP 172174 Rap470R

r~- ~ + -~+

EE.

-x?2ZL..4 REP A7224"5-7

I7±Z404. -zOP

-x7224170 RE -0

S I I

- L 3

4027 L lbo 0(lo .1 1.

.. So/7.47 L '5+
E 15 +



_- I

zF IZ4 2 4 A

++ +++ ++++ + ~~+ + + +

\X1Z%1&Ilt'1I SU L.100 ZZI2--- - 2.541L 1. -

SEREF

'"0.00J
REV

O72±40C.151kOP- E 7100cc

M 7140W~ REF tS'IMM - \

/ ~4028 SL 
-I;

.16 7

.4 oil .. u'0

+ 1.. 1 9./5 1.~o ^ I~~+I +1 1407c. REP

J 1 1+1 A 11240(.9 -

- 402 SL141. FS. - REVI.l E

40 SL4S

+Iei-' tl40.5. -t - (IZe' w.1-

L MIA4.1)-i RE

1 ,0., X,.9.0
tvET 9Zs G

- C C . F _ - c v . E /

iRi

4&,:. IZ9

406S ~ ~ ~ ~ ~ ~ U q PI~ZOS1OPSEn



23 22____1__21_

rZC 5imi REP

Lt 22., 'C'1~

01000

SEE5C A72%40-0 COR TA&LL L
Th(5 CA~NER~CATeNCD. CODES

C-SKN-S CCt NOTE. 7) ____
0-%C IW0LE 1 -- c w-iS.ZR -W T o to.

V1CODE Oh FASTENER. NUT I(-Oc1 10..!) CODIt Nal) SPEC. (.-,b)

Y,*%0 E b.170/374b 97M)"640- SiBie(4COIT-6 z?tS6i~ f M.14-C. NON 60.5%0&

C,41/4%*?149/C49W- 61755/Co77.S XSZZ71II.& X72Z194 & NONEC 4-O.,O0

t I SEESPC AZj95. .76S/C589-4 NONE NONE *Z5I-.SIC S50C.

'D4/~a *7ssD..S t( .S 0MsVC0?? 6 x7Z5q1)Z. XTZC?544. 4 ON£ 00Z225,1
REP/ j SEPPC tWS*4 &7P54 NM SEE !r

RI 2/C.114%I£1110- 875%(OT174 A~tZ9IIS XIZlZ94- NONE I,.)

"1.001 00F -4 -su 7.s .6/
__________- XIZZS96t-4 NONE 00-S0 a

71.0 SPECC 172z402.q W. N 51150CC 6 ___ W" ~~ ~
___ -__NONE 11zzll".- ' S 5CC

-17724663 REPF P MIC414% 111~115,-t-8- 8.1'4/CU- %1ZL%1,-s NONE 50.1 100 A

RE %Cz'11 7113980-8- s.1S/C2sO.8 7q 0 X720"t d-8 9- ONE 50-,00
\A7Z2.40(.5-q T (475/0Au 171996-10- S-710/COI 10 47212I ,

~~I~T AAAA U J")/j.Zj 172539d0--.- 075C23- 17230jj K722396-jo NOE o~
'C.~~l.C ,/yVm0/3744 )(29i2 67SC2247223s8, if X122399' 8 NONE to" 390 a

"22.5 REP VV EE3PC x7U39. to- &7S5/C369-10 &755/PSI-Zf02591 x 7 223io o w93-I sit sp
Y J.Z5&24 00 /Cto-d- BiP74/2950-0 1722399t-a NO#Ll NONE1 30W6 a

$,..9.00 - -- B

~E.csVS - 112Z40,70

-ANDO N.T 1.-RE.0%. -

SE.CT

8IJ..A. ,.TL

q2.c,WihjN CARRYTHRu

LOCATIONS WCTS Ye.A92 BHD

Figure 2.1.2-4 35/36
(CONT)



E7v

(A
(A
4

IrI

37Z24034 Rff

A 71~ j 401.

~722403-12,

S4

5303 S
- ~ x AU40 SL

,fl224031 - OP

17224032. 4 OP

536AL2

.750-

AE A

Soo Cy



1179- - 7-777t /

! l--Z -' ' 'I 511SI ~

1 4

Ca1 S9 509 AL

5.702 

?4-1 

- - -~~~- +012*34T z

I"-A 7"-i, "--0 AL

I .. 5 ...,,,,o,

_,,___._.____i___,.,.__... .. --__ _ . . o

A 7:2403. -12 Op AL .0243#

..... 44?0. . + +-,

Ii -i- ,, ." ,1 \ ,,..,,*A' ."° ,,,. 1t I"+I
- -!,. ll #llOll ll ll O l2O llrI l

+

f4.1 310 L 0 A

I X141 "Iii 'll/i'

NORMA T5311 SL 03±to - 1-.* 5311 Sf.'( SK+ I I,+
-ne- t i f re -, I ,-72.403

II. . -7 *, ,- I

5303 SL' FS II +

'5'$4 J 1* +1I
-- LA WA, + jil,

2ey, +e Y -

5305 SL - -- +' +'

114' + I, A1220

5306 AL j, J'' fi-L~.~' -P ~ ~ 90 PLJ-

,r, -- I 'LL ,FL 9;L ?5o

Y) a, 0*2* I Txlf0. I,2 e \(. ti 24 OE(& 3 -. l z epeg .'f s Ye 222.00 Y 4.24f V 47062 -1 co ' 01 .20Y q.Ri V,97t79%1 .9200 3,700 e mo f 0 0

$7214076.0) (2) '072240.11-7 ~'2 ' .9 5308 AL
0 722402-80~ 00 72 #246 -S

-7224036 -01 (0)

VIEW LOOKING INKD
NORMAL ro 074

_____________________________________
________A 3



E COPY AVAILABE To Due DDESnOT

iEMWT MUY LIOE PRODUCTION

R , 7s t itL

172240D1 PEF

C SK .OO', 272 DA 17224060NC

stma"~ G, 2  57224035 PrC - ----

2'5309 AL 5c~mF;c

Ti 0_xI. of? AF I fAST!,.Ea Cool.f'1~ ~ -- -'O.'; coot.j~ ciio.F-

MA 3-A: a* P..,. S L ,w 1.4..(. S IM " r

/,; me. I A 11lfl wnIIA,5$I ff O. " 0i~0 F se weas~~. __I-I-I 02 I _ _ _ _ _
+ii F121 loveU,,, MISI/Cl~ 5Il,- 5~t~ .

IA _____ -1 "m ft- a_ _ ____3_11

4- 1 ~ see OTC 3 Jb: . 5311 SL 4 Ot K 
_______ ______

'5312 10 $lot) 4c~.a~O ~M ''..i.. ,z.t, .f

" i7224 S8O

I,. I NS; t -92,Pilf 93" -
14"A .15 '- W ', ..

OL L+ l6 .A Gf

SI1 -20
-0 2 COTAN7flC? oIA1.4"IS fA) 04NL 1FA

lo 5 4:CA' OOLFACI Or f.tOfC PATrj ANDOft -- I". .0LDV SNOW FEW

-~~ .15fSTI 0. V~NCA PP AfO "~ 07 LL 96

U ~ ~ ~ ~ W 4SS AL AA..A .VAII *-4v Eli!. 
RAA 3LF,,0S W CI . . 1 - -

r. 91100 too57 N. .. j M 00f

5308 AL 
5g$ '.- A5-s

L Fgure 2.1.2-5, )!7. 1X7Z=493O
_73 2 STRAIN GAGE I____F LOCATIONS WCrS RIBS

37/38



44C

-14

~~rr

iilk

C14

I I
I I _ _ _ _ _

39/4H



A' - -7 - 1.7-7--M-1977,17 -7-. .- -1

2030 .30

IAI

M ) 12ol A1 20#1 AI (A) (

NE R I (TAR).. :Z O

II/A N3.2.A:

I. l .,.o 4-.;0,1

.o o 4 I 7.9 1 .1 44

.,A ~ ~ , I". I. T

N (AN

LEGEND "1 .05 -AI

I/ -36.2 -4.

FOP ~~ TRC DULGAEF9SIGL2 GG

91 03. C)'%TO 011 01 0 621?STEST (Lli' ON AIO)6 •5 --SSW"~ii .

?03 ~ ~ ~ ~ ~ ~ 120 '0'I00 LS 200,I RSL IP(00A)203SI A

(NAR (rA

-1-3 
-4, -4 .1 1 410

. (P 1200CN I I N 30001120" SL I (."

I.~~~~NA FA 7 A111G~ 1.&25

L AEG E N D10

It)( A)) ( 1ON2010 AL I(20A)""

TeT10 ONDTIN S ONDITION 17

PREDICTE CONDITIO TSRES
NO.~ (LOCAITOON AES STRESS

AR SIDE FATIGU.& ES STRESSON11

L I TESST

(NEAR; YARM -C



ii - *,....... ... - 1N

N70, - -6- 

-.
1. .

,

I2 2 0 4 1 oL (lA )z I 1 6 2 2 2 6

,A2SL 2 (6 419 1'L

---. , .0 /

.1970 28.0 I-'

3~~~~~. N3.4 9.110 238.......

__LLLJ L/ 73 L (A)26 .

-L / .2. 8
Ii liwZTLI 

(2.L 6 -)50 ,2 222 /

[~~~ ~ NLAl 26.6 10i s0.0 263,o L I l

\ / , 2 \RDCE STESE-O

S 5L

441.GURE 
221 38 .(7 -02 L2021 42. (A)/

N M,74

45,4 47 =4 . 1A' 3~NA 66 21 24

S N1,2RS E S ULP.i ILU(A)

) 32.91 '44. I 32 0.7 27?.3
Q)L./.1L..21.6 1 35..2 28.1

Z 
TRACE YpS99e

(r) 21ZL 1 201Lj (A)1  ,(P),.0 I 5S A)

WI 7j111 it lW .13*4118.6 1 1$.24 2312.l.0:,4
5.2123 2 4~)? ~ A

N/A 4.9 13 9.2 75 02

(r) 2014 Si 2023, L (A)

.13: -2.1 .4 12. PREDICTED STRESSES FOR
2 0. 236 X/A m/A24

NIA1. 6. CONDITION 117 ARE NOT A.I.STRESSE$ ARE PRELININA,
SHOWN IN PSI x 10-3

NOTES

FIGUR~E 2..-7
STRAIN SURVEY STRESSES OF UPPER PIVOT LU-

-~~~~~~1 i - A -- .0-



() 2139 134

3t 741 f944-48.

I2 A0. 27 423 234011:'

(p)(I 20322 AL22..A 203 AL) (

IM 4.3 .0:7 3.2.05

TRACE YF99Le
REF

2. PREDICTED STRESSE5 FOR FATIGUE
__ CONDITION 117 ARE NOT AVAILABLE

I.STRESSES ARE PRELIMINARY AND ARE

NOTE S

FIGURE 2..2-7
STRAIN SIURVE' STRES5SSOF UPPER PIVOT LUG

41/42

S l =177'



XF- 119
FRE

112? 30:.3 143. 142.
NI _ 2 1 1 13.1

YF' \32

-(P- 1001 102SL10

NIA, 54

EARA

( 1 X/
lllillSTLSREITI SGl

T(P) 1TT SLH

34.4

,/ /

LEGEND NA 

FOR DUAL GAGE FOR SINGLE GAGE ( 261 07I A

TEST% COONDTTION TES CONDTIO .6 ,11300%FAIUECNDTO 11710 6/A 46 1 63.0o34.6

64Z1OCDTI STRESS rI0 0 S T SS,.,51.

M k "013 "G NO. & TEST STRESS 
9 0. (lOCATION) & TEST STRESS

AR' A SIDE GAGE NO. . TEST STRESS ~ l 0371

401.60 TE5ST MESS

(P)xxx0UR E l) XJ(A)

(H a ful 10)i16 SLiI151 (A)

TEST CONDITIONS
8 5.1 Yo CONDITION AS- 2000 100SL I SfL TY

FAR
(64 .2%Y CONDITION AS 10000 60.9 60: 6.

100 Yo FATIGUE CONDITION 117~oA 10. 6.2



7, Fi vn "N r-

3 NIA *16.5 (P) 2060 SL 1099 SL

(p . 09. -72 SL 2.1I Q/A 498 tl O

I IN 111.4 AL (A)

rN

(1)A 1036 St6 107Lt A

( 1042 SL 1043 St. (A) ~ 4 . 66.6. - .

N FAR . .8 - . 3 1 -14 57.1 .3.
(('7* -4.0 2 . 9. 9/ -39.9''

46.2 30.3 36.9 43.6 
A

NIA91 21.3 43.1 32.2//

(M 1030 SL 1034 St(A

90. 32. 60.5934

430 38 61. 619 1.
NI;/ 3630 -39. 41.6

.6* 0.6 60. 4'

V6-979.7. AN 
2:2

-~ 91 113 S (A K>~~5< 34.0 AE45

~~~.9~~~i 33 21 2/&PEICE A

2 16 2 9.2 29.

31.4 1022 42 102 St: (A)3 s-,..~

1$.4 3:F1 :'1"1.2212 _3
N9.2 32. 34. 48.

41/A 33266.:6.

NIA 32.1
- r . - . - ~ -all



1 (r) 1
8 L 1069 SL (A)

: "26.o 2. *
It N-/A -19.8 -10.

1 (1) 1064 AL\0 AL (A)

-37.7 -s. 4 2663 -39.4

16 L 1037 L) (A) ()16 SL 06 Sj(A I

9/ 4 .8 63 1 - . i 2-r~ 1 : % .1 8 .1

(7) 1044 AL//

()62.9 46.4
08 NI A 43.9

c (1) 1034 SI1035 1I (A)

'1.

Yr 992
REF

/A9 9 341 0

3 8/A 3 9. 3 -30 6.

.2 (t) 1029 SL

9IA 283.5

j6 3 62. 9:; . 4372
37.1 N /A ,.83 4. 39.6

S / '.-

112ILilo SL A /'
97"WX (7681, (7) 1028 IL

.8 1 43.6 9
£ 498 6 0. 65.5 41. 1

- - - 3. GAGE 1045 SL COINCIDES WITH rHE
'C LEG OF GAGE i044AL

(*) / 2. PREDICTED STRESSES FOR FATIGUE
CONDITION 117 ARE NOT AVAILABLE

1. STRESSES ARE PRELIMINARY AND
APE SHOWN IN PS I x10--

NOTES

FIGURE 2.1.2 - 8
STRAIN SURVEY STRESSES OF LOWER PIVOT LUG

43/44



- , 7- - 'S '5 *5' S %

C-4N N N C1 Nl CIS cli N c'l c' N 4

Cf. ci C1 l - q N C- 1 .0
m~. ON m4 ON0' 0 % 040 0 % a 04 0' 4

H 4 LU 44 W 9L WH
1.4 >4 1.a

410 0 4 .4 4 0. w S 4 4 -4 -H

04 14 (L) w4 Cl 4)1-4 CL CL N 0 $ 4 cc 04

41$ o o j '4 41 4 4 .

V 'S 0) 00 0' 0 . 0 CL N3 10 0 0 '. . . S4 . u .0 : 44
0. 0 CIS .4-8 H N 0- 0 H4 00 0% 0

Cl ~ ~ .0 .*N 0 '0 Hn 14 H 4C ' 0 U 4 0 S

N 0 *l +1 H1 0 H l 0 N U'~ 4J ' C8n 'I8 8 n k

x. C14 I.4;
0. 44'

U)

V) 044 C4 9 4 0 Cl q- 0n
'S M r-0 0 '0 V) N D 04 ul 040 ' Cl 00 1 r

m) 1.4i 0 14 11 C- l

44 E.

* cl H 0* 
'4

Nl 'S -U r- a'i * 4 cj C1H 0 4 C-4 Cli H4 r l c

044

H - N 4 4- 04 H 4 cN '0-c 4 (n (4

01.00, 0 04 H .

H H) H- HN H0 Hn NI N4 N4 N; N N N N

4-. 'n1

4 n 04 %0 10 ON 4, I LIi '0 ',' 0 4- c c n

459

I'~C __ _ __ _
4"



2.1.2.5 Full Scale Fatigue Test Updated Ram Loads and Reactions

In generating the updated ram and reaction loads from the
updated RI data, the basic assumptions and formulas used in de-
veloping the original test loads for FZS-219 were retained. How-
ever, HP 9830 programs were written to allow expeditious handling
of the larger number of conditions involved and to provide faster
reaction capability for revisions received from RI.

Unlike the previous fatigue spectrum, the ground conditions
jy included braking which would require the application of drag

loads at the landing gear with fore and aft loads on the dummy
wings and upper test fixture fuselage for full test simulation.
Since the drag loads are critical primarily for local gear attach
structure, it was decided that only the sweeping moment portion of
the condition would be included for cycling. This simplification
precluded extensive modification of the test set up since the
sweeping moment portion can be applied with the existing set up.
Consideration is being given jointly by General Dynamics and AFFDL to
running a low load level static test to obtain the incremental
effects of a drag load for use in fatigue analysis.

A complete set of basic condition ram loads was completed
first for the data from NA 75-346 and then for its revision.
These loads were then combined using factors from Table 2.1.2-11
to get the fatigue condition loads for each spectrum step. A
partial set of maximum fatigue conditions was prepared using
NA 75-346 data and a complete set (280) was developed for the
most current revised data received. Because one load ram per
wing can be chosen somewhat arbitrarily, the basic condition ram
loads and consequently those for the fatigue conditions loads were
modified to avoid exceeding current ram capabilities so far as
possible. All loads calculated were furnished to AFFDL on a pro-
gressive basis to allow closer coordination. Current basic condi-
tion ram loads are shown in Table 2.1.2-VI.
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2.1.2.6 Fatigue Test Instrumentation and Data Recording
Requirements

Following the operational checkout strain survey, a reduced
number of strain gage channels was selected for use during the
fatigue testing since equipment limitations prevented the simul-
taneous use of all channels. The channels were selected on the
basis of results from the strain survey. A small number of
gages were added in areas of particular interest.

Prior to the 1975 fatigue loads update, data points for ob-
taining baseline and comparative data were defined on page 2-41
of FZS-219B. Because of the updated spectrum, it was necessary
to redefine these points. The first flight strain survey has
added significance in that only one of the updated conditions
has been previously applied (FC 117). The currently defined
points are shown in Tables 2.1.2-VII, -VIII, and -IX. The points
were chosen, in general, because they were at relatively high
loads for representative types of conditions or because they
occurred during significant transitions.
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Table 2.1.2-VII

Strain Survey Data Cycle For Ist Flight Using "Every 100th Flight"
Spectrum

All points are at 100% of the given fatigue condition except as
noted for transition points.

Point Designation Point Designation
and Data Point Fatigue and Data Point Fatigue

Numbers Condition Numbers Condition

1-1 12 1-19 61
1-2 14 1-20 561
1-3 16 1-21 63
1-4 516 to 18 * 1-22 563
1-5 18 1-23 88
1-6 18 to 518 * 1-24 588
1-7 518 1-25 96
1-8 20 1-26 117
1-9 520 1-27 617

1-10 34 1-28 119
1-11 537 1-29 619
1-12 537 to 38 * 1-30 122
1-13 38 1-31 127
1-14 39 1-32 637
1-15 539 1-33 148
1-16 549 1-34 150
1-17 51 1-35 166
1-18 560 1-36 169

* These points are to be taken midway between noted end condi-
tions where each loads ram has undergone one-half of its
straight line load change.
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Table 2.1.2-VIII

Baseline Data Cycle for 5th Flight Using "Every Flight" Spectrum

All points are at 100% of the given fatigue condition except as
noted for the transition point.

-, Point Designation Fatigue Condition Data Point Number

37 14 1-2
38 16 1-3
39 516 to 20 * 5-1
40 20 1-8
41 520 1-9
42 34 1-10

V 43 51 1-17
44 63 1-21
45 563 1-22
46 88 1-23
47 119 1-28
48 619 1-29
49 122 1-30
50 150 1-34
51 166 1-35
52 169 1-36

* These points are to be taken midway between noted end condi-
tions where each loads ram has undergone one-half of its
straight line load change.

i-5
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Table 2.1.2-1X

Periodic Data Cycle For 160 Flight Increments Using "Every 10th
Flight" Spectrum

All points are at 100% of the given fatigue condition.

Point Designation Fatigue Condition Data Point Number S

53 14** 1-2
54 20** 1-8
55 34 11* 1-i0
56 51 1-17
57 63 1-21
58 88** 1-23
59 119 ** 1-28
60 122 1-30
61 150 1-34
62 166 1-35

** To be printed out in format shown in Table 7-1 (Ref. Sec.
7.0, FZS-219) for comparison with data previously recorded
in ist and 5th test flights. Other data recorded is to be
retained on tape.
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2.1.2.7 Stress Determination for Final Fatigue Analysis

Current plans are to obtain stresses for fatigue analysis
by loading the current NBB 5 finite element model with the up-
dated fatigue conditions from the analytic spectrum (Table 2.1.2-111.
The model was changed from TNI to UGO to facilitate handling of
the larger number of conditions and to take advantage of shorter
run times resulting from the "frontal" approach. UGO is currently
being used for F-16 structural analysis at General Dynamics.

To load the models, panel point loads must be determined.
A program was developed that uses NARSAP data as input and pro-
duces node loads that can be merged directly with the current
model for stress determination. Other output provides various
checks on input data and intermediate values. The program was
written for the HP 9830 for development purposes and then pro-
grammed in FORTRAN for running on IBM 370 equipment. The program
which handles symmetric and asymmetric conditions has now been
completed and is on production. The GD program number is CM 7.
It is operational from the time sharing terminals for more effi-
cient turnaround.

Subsequent to the development of CM 7, it was found that
the current RI loads data presentation is no longer in the NARSAP
format, but rather in more detail in some areas. In order to
take advantage of CM 7, an HP 9830 program was written which con-
verts the NA 75-346 data to quasi - NARSAP form for input into
CM 7 at the TSO terminals. The quasi-NARSAP data has been obtain-
ed for the basic conditions which are combined to form the fatigue
conditions. Initial CM 7 runs were made and are being checked out.

2.1.3 Fatigue and Fracture Analysis

During the reporting period, the fatigue analysis for the
spectrum current at the time of WCTS final design was completed.
The results were reported in FZS-219, Revision A, 3 Feb. 1975,
Section 2.3 (AMAVS Full Scale Test Program Test Plan, Vol. I).
However, for completeness, the results are presented in Section
2.1.3.1 of thl- report. Subsequent to this analysis, the 1975
updated test f,.,igue spectrum became available as a part of the
credible option" concept and a preliminary fatigue analysis was

made using the updated test spectrum. A further discussion and
results of the preliminary analysis are presented in Section
2.1.3.2.
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2.1.3.1 Fatigue Analysis for WCTS Phase II Design Loads

For each of the five mission segments defined by a single
static load condition, the limit wing bending moment (MX) noted

in Table 2.1.3-1 is used to relate the wing bending moments to
the WCTS internal loads and stresses. The noted static condi-
tions were used to determine the fatigue loads as a percentage
of design limit load. Using linear stress/load coefficients for
selected WCTS areas, the fatigue loads were converted to a stress
spectrum for each fatigue control point by range-pair-counting
techniques. The range-pair-counting procedures developed by RI
and described in their report TFD 72-358 "A Method of Counting
Spectrum Load Cycles," 10 March 1972 were used to derive analyti-
cal stress spectra. A computer program was developed to range-
pair count the stress spectra for each distinct flight type (i.e.,
flights 1, 10, 100).

Selection of the WCTS control points was based on the stress/

load state of individual sections of the structure. Primarily
tensile-loaded elements of the WCTS were identified as control
points based on the evaluation of finite element math model
stresses, stress analysis results, and the details of the design
configuration.

Stress-state distributions for the five fatigue spectrum
mission segments (Conditions AS2000, ASI0000, AS5000, AS9000 and

AS7000; representing post-take-off, TFR, prelanding, climb-
cruise-refuel, and ground/taxi, respectively) were considered in
the selection of control points. Based on these selection cri-
teria the following WCTS structural areas were identified as

fatigue control points:

o Control Point 1, Figure 2.1.3-1, X7224061 YF 9 92 Bhd. Inbd.
Panel, Fuel Transfer Hole @ XF29.

o Control Point 2, Figure 2.1.3-2, X7224170 Lower
Lug, Pivot Bore.

o Control Point 3, Figure 2.1.3-3, X7224170 Lower Plate,
Lug: .875 Dia. Taper-Lok hole.

o Control Point 4, Figure 2.1.3-4, X7224170 Lower Plate
Assy., Aft Outb'd Cutout, XF68-72, YF9 9 2 , ZF0.

o Control Point 5, Figure 2.1.3-5, X7224080 Bhd., YF9 3 2 ,
Lower Attach Flaige XF6 5, YF9 3 2 , ZFO.
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o Control Point 6, Figure 2.1.3-6, X7224011 
Upper Aft,

Outboard Longeron Attachment.

The range-pair counting spectrum 
development procedure

noted was used to derive analytical 
stress spectra

flign t .byf.light stress spectra for each of the selected 
control

points. Fatigue analyses were conducted 
for each control point

to evaluate the fatigue damage associated 
with each design range-

paii-counted spectrum. The results of these analyses are summar-

ized in Table 2.1.3-I. Comparisons of the basic flight-by-

flight stress spectrum and the corresponding 
range-pair-counted

stress spectrum for each of the 
six selected control points are

shown in Tables 2.1.3-111 through 
-VIII.

,t~M,

t
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Table 2.1.3-I

WING BENDING MOMENT SPECTRUM AT THE WING
PIVOT FLIGIT-BY-FLICHT COM'OSITE MISSION

*Bending Mom *Bendxng Mom . of **Analytic

Load x 106 in-lb Wing , 106 lIn-1h Condition Spectrum
St,__ hission Sc. m nt L.imit An:l c Max Mm , -Max CMilMission

Ground (Cond AS7000 - 13.0 150 1.5 - 7.9111.5 60.8 1

2 Post Takeoff 68.15 M 150 58.0 35.1 85.1 51.5 0.01

3 (Cond AS2000) 52.2 35.1 76.6 51.5 0.1
4 40.4 35.1 59.3 51.5 2
5 35.1 28.2 51.5 41.4 2

6 G 41.2 38.7 60.5 56.8 2
7 41.5 24.7 60.9 36.2 1
8 1 34.4 30.3 50.5 44.5 29

9 Climb, Cruise & 64.38 K 250 27.0 12.3 41.9 19.1 1
10 Refuel 33.1 27.0 51.4 41.9 22
11 (Cond AS9000) 27.0 23.0 41.9 35.7 22

12 36.3 19.3 56.4 30.0 1
13 19.3 7.6 30.0 11.8 1
14 25.5 19.3 39.6 30.0 58
15 19.3 16.3 30.0 25.3 58

16 Fly-Up 34.25 67.50 22.0 8.2 64.2 23.9 1

17 _(Cond AS1.000I.L... 15.0 8.5 43.8 24.8 1

18 Terrain Following 34.25 G 67.50 20.8 15.5 60.7 45.3 0.1
19 (Cond AS10000) 17.7 9.0 51.7 26.3 1
20 14.5 11.1 42.3 32.4 7
21 15.6 2.6 45.5 7.6 1
22 10.3 5.8 30.1 16.9 132
23 9.2 - 1.4 26.9 - 4.1 1

24 6.3 2.7 18.4 7.9 132

25 M. 21.0 1.2 61.3 3.5
26 15.9 2.2 46.4 6.4 9
27 1 10.3 4.5 30.1 13.1 95

28 Pr'.landing 62.23 H 150 57.3 32.2 92.1 51.7 0.01
29 (CondAS5000) 51.6 - 8.6 82.9 - 13.8 0.1
30 .. 44.4 32.2 71.3 51.7 1

.1 31 Ground (CondAS7000 - 13.0 150 - 1.5 - 7.9 11.5 60.8 1
32 Takeoff (Cond AS200() 68.15 150 49.9 33.7 73.2 49.4 1

.331 Climb (Cond AS9000) 64.38 250 445.9 27.0 71.3 41.9 1

34 Prelanding 62.23 M 150 32.2 21.5 51.7 34.5 1
35 (CondAS5000) 37.3 32.2 59.9 51.7 19
36 -- 32.2 28.7 51.7 46.1 19

37 G 47.8 29.8 76.8 47.9 I 1

38 40.9 35.0 65.7 56.2 4 
-

39 41.7 20.9 67.0 33.6 1

40 37.7 24.8 63.6 39.9 9
41 35.7 26.8 57.4 43.1 :118

42 33.0 28.7 51.01 46.1 1 94

43 1Ground - 13 0 ISO
°  

1.5 - 7 9 11.5 60.8 8
44 (C nd AS7000) L- 2.0 - 7.3 45 / 56 *.2 154

NOTES: * (1) This com~posite mission table contains 1143.32 cycles per mission and 1,463,449.6 cycles g.
per life.

(2) Legend:, -- Maicuvrer Load C -- Gust ILond
(3) Bending, Moment is in) the Fusclago Reference Sybt(,m. ,nroll mome:nt conmpolivc, Mx ,

only is shown.
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Table 2.1.3-11

SUMMARY - WCTS FATIGUE DAMAGE
PHASE II LOADS & SPECTRUM

I Fatigue Damage,En/N; 1280 Flights; S.F. 1.0; KT 5.0

MFatigue Control Point No. (Ref. Figures 2-4 thru 2-9)i Mission ..

Segment 1 2 3 4 5 6

Ground(l) 0. 0. 0. 0. 0. 0.
Post-Takeoff 0.0124 0.0015 0.0136 0.0759 0.0451 0.
Climb, Cruise, Refuel 0. 0.0120 0.0003 0.0249 0.0102 0.

•TFR 0.0007 0.1I441 0.1997 0.0007 0.0255 0.1570

Prelanding 0.0211 0.0362 0.0162 0.1084 0.0291 0. A

Ground(1) 0. 0. 0. 0. 0. 0.
Takeoff 0.0254 0. 0.0327 0.0410 0.0635 0.

Climb 0. 0. 0163 0. 0. 0098 0. 0029 0.
Preianding 0. 0024 0. 0404 0. 0067 0. 3213 0. 0111 0.
round (1)  0. 0. 0. 0. 0. 0.

Total Damage,7 n/N(2 )  0.0620 0.2950 0.3236 0.5820 0.2031 0.2037

NOTES: (1) The "Ground" mission segments indicate no fatigue damage
because these cycles are "paired" in the range-pair spectra

(Ref. .Tables 2.1.3-I1 thru 2.1.3-VIII) within other flight

conditions to form "ground-air-ground" cycles. Hence,

damage resulting from these ground cycles is included in

the flight mission segment damages.

(2) Fatigue damages shown are conservative since a stress con-

centration factor of 5.0 was used for all points in the
analysis. The stress concentration factor of 5.0 was used
to provide a conservative evaluation to establish fatigue
design allowables and to provide conservatism in the
development of the spectrum to be used for test. Fatigue
damages based on calculated KT's are considerably less as
shown below.

Control Point 1 2 3 4 5 6

Calculated KT 2.17 2.30 2.92 3.60 3.31 3.89

7n/N; S.F. 1.0 0.0 0.0 0.002r 0.1473 0.0274 0.0367
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Table 2.1.3-111

STUESS SPECTRA FOR MOB CONTROL POINT NO I Y 992 BtILHEAD, LOwER PLATE

(REFERENCE FIC2JAE 2.1.3-1)

M'SIN LMTBASIC SnELRU RANCE PAIR COUNTED SPECTRUM
MISSION LIMIT -- 3
SEQ ME'T STRESS CONDITION STRESS (KSI) STRESS (KSI) CYCLES PER FLICHT FATIGUE DAMACE

( 1

(ESI) SF 1.0; 1280 FLICTS

STEP mA milt MAX MIN n STEP .1L I I00
T  

10
T H  

EVERY COMPO.
SITE KT 5.O K, 2.07

GROLND -1.02 1 11.5 60.$ - .12 - .62 1 1 - .12 -62 1 1 0 .10POST 43.51 2 85.1 51.5 37.03 22.41 ,01 2 37.03 -. 89 1 0 0 01 .0005 .0

TAKE-OFF 3 76.6 51.5 33.33 22.41 .10 3 33.33 22.41 0 0 0 .0

4 33 33 - .89 0 I 0 .09 0027 .0 1 ,
4 59.3 51.5 25.80 22.41 2 5 25.80 22.41 2 2 I 1 10

6 2580 18 o01 0 0 1 90
S I1.5 41 4 22.41 18.01 2 7 22.41 18 OI 0 1 1 1
6 60 5 56.8 26 32 24.71 2 8 26.32 24.71 2 2 2 2
7 60., 36.2 26.50 15.7$ 1 9 26.50 18.01 1 1 0 .1

10 26.50 -.62 0 0 1 .9 .0092 .0
5 $0.5 " .5 21.97 19.36 29 II 21.97 19.6 29 28 28 28 -

12 21.97 15.75 1 1 I I1.
CLIMB. 39,37 9 41.9 19.1 16 50 7.2 1 13 20.24 16.50 21 21 21 21
C8UIS. I 31.4 019 20.24 16.50 22 14 20.24 14.06 I 1 I I
REFI'EL I1! 41.9 35.71 16.50 14.06 22 Is 16.50 14.06 21 21 21 21

2 6.4 30.0 22.20 11.81 I 16 22.20 7.52 1 I 1 1
13 30.0 11.8 11.61 4:.65 I 17 15.S9 11 1 7 57 57 57
14 39 6 30 0 I59 11.81 SN 18 15.59 4 65
IS 30 - 25 3 11.81 9.96 2. 19 11.81 9 96 57 57 57 S;

6.17 20 13.88 3.96 1 1 I 2
17 13.8 24:8 9.47 5 .36 I 21 9.-7 5.36 1 1 I I

TFR 21.62 18 60.7 45.3 13.12 9.79 .10 22 13.12 5.17 I I 0 .119 51.7 26.3 11.18 .69 1 23 11.18 9.29 I I 0 .124 11.1P 5.17 0 0 2 .9
20 42.3 32.t 9.15 7.00 7 2 9.15 7.00 7 7 7 7
21 45 5 7.6 9.8; 1.64 1 26 9.84 5.69
22 30.1 IN.9 6.51 3.65 132 27 6..5 3.65 131 131 1231 131

28 6.51 1.64 I i
23 26.9 ..1 .82 -. 89 1 29 5.82 3.65 I I I II2 18.4 7.9 3.98 1.71 132 30 3.98 1.71 132 132 132 132
25 61.3 3.3 .3.21 .76 1 31 13.2$ .76 1 1 1 1

26 4o.4 6.4 10.03 1.38 9 32 10.03 1.38 9 9 9 9
27 50.1 13.i 6.51 2.83 9$ 33 6.51 2.83 95 95 95 95 .0007 .0

SPRE- 41.06 28 92.1 51.7 37.82 21 .01 34 37.82 -5.67 1 0 0 .0 .0002 .0
L.AND4 29 2.9 2 3.8 34.04 -5.67 .10 35 34.04 21.:3 I 0 0 .01

I 36 3-.04 -5.67 0 1 0 01 .000 0
30 71.3 $1.7 29.28 21.23 1 37 29.20 - .62 I I I I .0164 0

3OD -. C2 31 11.5 60.8 - .12 - .62 2

TAKE-OFF 43 S1 32 73.2 49 4 31.85 21.49 I 36 31.8.5 .62 2 1 0 .20 .0023 .0
39 31 85 .89 0 0 90 021 O

CLIEB 39.37 33 71.3 41.9 28.07 16.50 I 40 28.07 21 49 I I I 1

PRE. 41.06 34 SI.7 34.5 21.23 1.17 1 41 22.23 16.50 I 1 I I :3
LARDI NG 35 09.9 51.7 24.59 21.23 19 42 2 .$9 21.23 28 18 IA IA

43 24.59 18.93 I I I I
36 51.7 6.1 21.23 18.93 19 4 21.23 18.93 18 18 IA is
37 76.8 47. 31.53 19.67 I 45 31.S3 14 17 1 2 I 1 0024 .0
38 65.7 56.2 26.98 23.08 4 46 26.98 23.08 4 4 4 4
39 67.0 33.6 27.51 13.8C I 47 27.51 19 67 1 I 1 1

40 60.6 39.9 24.88 16.38 9 48 24.88 16.38 8 A 8
49 24.88:.8$ I I I -

41 07.4 43.1 23.37 17.70 48 50 23.57 17 70 .7 ' A7 47
SI1 25.57 26.38 I I • ' 4I

42 13.0 46 1 21.7k 8.93 2914 S2 21 7A 28.93 29 29 5 'l3

S.. 2 14

0I.) The c*Ic,,2.t~d stree g 'onc,r~tr1 factor l01y -2 .,trvl F',Int vi I
I. 2.27

S65 e.



Table 2.1.3-IV

IRESS SPECTRA FOR NB COWTKOI POINT NO. 2 LOWER PIATE IrG PIVOT BORF

(RFFERE f.E FI'E 2.1.3-2)

ISSIO '" 
1

LIMIT BASIC SPECTR7M RANGE-PAIR C(I ,073 Sp'LCT'..
EQETSTRESS--

(KSI) . CONDITION STRESS (KSII) CYCI, PER FLIGHT 'AT',kUE IWAE(I)I -T (F 1T)Y 1280 FL)PTSRrPT

STEP MAX MI ST P MAX5 MN I O I OTH EVERY O P 1 2 = 2 0 .CT
I SITE .0

GROD 0 I 115 608 0 0 , 0 0 1 1 1 A.0 0 0

POST- 54 48 2 85 1 51.5 46 36 28 06 01 2 46 36 8 36 1 0 0 .01 .0002 0 0TAKE-OFF 3 "66 1, 1 1 4171 28 06 1 0 3 41 7 28 06 1 0 0 .01! 41 73 8.36 0 1 .09 0013 010

4 59 3 515 12 31 28.06 2 5 32 31 28 06 2 0 2 1.10 .
6 2 1 22 55 0 0 .90

22 06.9 22 55 329 1 1 I2
5 51 5 4, 4 78.06 22.55 2 28 06 22 55 I 3 I.0

6 0 ' 6 30.94 8 32.96 30,94 2 2 2.0

/ 80o 3 62 33 8 19.72 1 9 33.18 22 55 1 1 0Oi 0.10
1 o 33.18 13.53 0 09

S4.45 275 242 292 027. 11 27 51 2 429 2 29

.. ..I 7081q: 29 67 13 53 1 12 29.67 19 72 1 1 1 1 D

CRUISE.- . .y 16.50 29.67 22 12 36.40 29.67 21 21 23 21.0
L..EI!EL 1 4 36 40 25 28 I 1 1 0

I 4 9 - " 2967 25.28 22 1 5 29.67 25 28 21 21 11 21.0
32 4. . '3.2 39.94 21.25 16 39.94 13 53 I I 0 0 0 .o008 0 0
13 30.0 11.8 21 25 8.36 1 39.94 8 36 0 0 0.9 .0112 0 0

lo4 39 6 3 0 28 C4 21.25 58 I 2$ p 21.25 5 7 5 5 57 o

19 2 . .7 92 I I 1 1.0'15 30 0 25 3 21 25 792 5 20 21.25 17.92 ; ,? 1

2LY-UP 61. 6 64.2 23.9 52.09 1 1 21 2.09 3.71 I I 1 0 045 0.0

17 482 2 '

' 1 38 2483 35 54 _20 1, 5.54 2 12 I_ . 1_1I.

T6R 81 14 3. 67 5'45 49.25 7 23 49.25 2939 1 1 0 0.1"0033 0 0
19 51 7 26.3 .1.95 21 34 1-. 1 9' 36 76 1 1 10i

33 4194 193 0 0 1 .90 332 .0

20 42 3 32 4 37 65 5.19 7 3 3 512 26 29 7 7 7 7 : o 0
21 45 > 7 6 36 92 6.7 1 27 36.92 21.34 1 1 1 1.0

22 JO 1 1.6.9 24 42 13 91 28 4 42 13.71 13 131 131 13.00

2 26.9 4.. 1 il 83 4.6730 2 83 13.71 I0 I C .. 0 080
25 -9.2 5 0 I I 0 .0

24 18 4 759 14 93 .1 93 132 132 132 0 0
25 61.3 3.57 49 74 346732 9.74 2 S4 0 .0 033 0 0

33 9 74 0 0 0 1 90 324 0 o26 46 4 1 !6.4 37 65 3.9 4 37.65 5.19 9 9 9 9.0 :012 0 0

5 27 30 1 3.2 24 42 . 5 35 2142 0.6 95 95 95 95.0 0.0
C 67.06 2 92.3 9 1 60 4,76 -9 25 I 0 0 .0008 0.0

PRY 8 06 3 5 1. 13:7 5 6 34 7 43 3 46 7 96

LANDINC 29 82 8 17 24 .6 37 5 59 9 25 8 0 9 000 8 1 01 38 5559 3467 0 01 0001
30 71.3 51.7 47.81 396 19 39 4 7.81 2 84 0 0 1 18 0268

373 51 G0 0 0 1 I I 1.0 .034 0.0

5 32 67 .2 4 4 0 379 4 1 39 88 25 91 1. 1 40
CI9 70. 7. 41 50 49 29. 5 49 23 ;4 1 I 1 0 .0163 0.0

PRE 6 4 06 6 34 5 34.67 23 14 1 43 4.6; 29.; 7 8 0

I51 40.6 22.5 1 9 4 4 1 3 0 000 0.0
LA.1N 3 5 7. 42 93 49 1 24 7 4 5 A 3 49 20 90 4127 4 0

'3 39.4 9 ,1.7 1 1 1 3.0

36 51.7 46 1 34.67 J .91 19 46 34 7 30.91 29 .037 16: 47.2 ,5415 32:12 , 1 47 51,5 1 1 ,o 1. o.394 0.0
28 65, 56. 44 06 37 69 J 4 [I48 44.06 37 69 4 4 4 4 0
39 67.0 33.1 44.93 22 53 1 [ 49 44.93 32 12 1 1.0 0001 0.0

40 60 6 3Q.9 40 6 0.8 0 0 56 40 64 1 7 1 8 040 40.6 22.5 1 | 9 1 0 000 0.0

Al 57.4 43 1 38 49 28 Ij 48 0 38 49 28 90 4 4 47 0
5 38.49 26 .76 1.0

42 '0 46.1 35.54 ,091 '194 [[5 554 30.91 2 2 29.
S 55 35 54 2.0 1 1 0

CR4~ 11 Fm2 oF 0 o 5r

n/.S. F. 1.0. . LIGTS 0 2950 0.0
FLIGHT 

0  
0.0

3

h
T 
5.0 ' 2 30

(I) CALCUIATED S'RESS CONCENTRATION FACTtOl, K, - 2.3
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Table 2.1.3-V
STNFS8 "Pr'fRA FOR NBB CONTROL [OINT NO. 3 LOWER PIA.. - IUG 0.875 DIA. TAPER-LOK HOLE

R FERENCE Fl ,U£2.1.3-3)

AISSION B C PECRUMi RANGF-PAIR COURE) SPECTRUM

S 04FN 7 SRESS .CONDITION STRESS (RSI) STRESS (KSI) CYCLES PER FLIGHT FATIGUE DAMAGE( S(KSI) tO
H  

,CP- SF 1.0: 1280 FLIGHTS '

STP MAX MIN M HIN STEP MAX MIN 100
T H  

IOH VERY OP -7 7rT79SITE ET 5.0 KT 7 92

CRONI) -3 40 I it 5 60 8 - 39 -2 07 I 1 .39 -2 07 1 1 I I

POST 64 01 2 81.5 51.5 54.47 32 97 01 2 54 47 7 02 1 0 0 .01 .0004

TAKE-OFF 3 76.6 51 I 49.03 32.97 .10 3 49.03 32 97 0 0 .0149 03 7 02 0 1 0 .09 .0025
4 59.3 51 5 37.96 32.97 2 5 37 96 32 97 2 2 1 I 10

6 37,96 26.5 0 0 1 90
5 11.1 41.4! 32 97 26.50 2 7 32,97 26.5 0 1 1 1 1'

r 6 0 5 3,7 3 3 2 8 38.73 636 2 2 A 2t ! 0 38.98 7.02 00 90 11.17b 8 50 s 44.5 32.33 28.48 29 I1 32 33 28.48 28 28 28 28
12 32,33 23 17 1 1 3

climb, 59.49 9 41 9 1 9-1 24 91 11:36 1 1 3 30.57 24.92 21 21 21 21

C VISE, 10 51 4 1 i .5 24.92 22 04 30.57 21 23.01RF9FL 17 23 21.43 3. I 24 .92 31 23 21 21 21 21

15 453 I 31 0 .09 2

12 56 4 30.0 33.55 17.84 1 16 33.55 0..8 I I 90 .0093
2 0 3 3 1 31. 08 18 7 0 7 1 17 23.55 17.84 57 57 57 57
14 39 6 3. 0 2 39 17 84 3 108 23.55 1 1 I
25 30.0 25 3 17.84 15 05 58 19 17 84 15.05 17 57 57 57

fLY-UIP 87 67 16 64 2 23.9 56.28 20.95 1 20 56.28 -7.54 I 1 0 .10 .0059 .0003

21 56 28 660 1 I .90 0485 D
27 43 8 24 8 38.40 21.74 22 38.40 2 742 1 I

24 8 6 1 8 .74 5 7. 16.23~ 12 3 . 1 2 .3 . 93 1 1 13 132 .02

19 51 7 26 3 45 33 23.06 1 24 45.33 39 71 1 1 0 .09

25 7 7 1 61. 3 5 3 53.74 3C 7 1 . 2 2 3 74 3.2 2 5 1 0 .10 .0022 030

25 45 33 20.07 0 0 1 90 .0095
20 32 3 32 4 37408 28.41 7 26 37.08 2841 7 9 7 7 15
21 45 5 7 6 39,6 6.66 1 27 39.89 23.06 1 1 1 1 .0002

22 30.1 16 9 26.39 14 82 28 26 39 14 82 131 131 131 131
23 26 39 6 66 0 1 9

23 2 69 -4 .7 3,1 28 4 09 1 30 2358 14 82 1 0 1 0
24 1 8.4 7. 16.13 "6 93 132 31 16.13 6.93 132 132 132 132

25 61 3 3 . 53.74 3.2 7 1 32 5 74 3 .5 1 1 0 .10 .0048 1000

1 11 517 3.5 2 43 7 45 2 .07 0 1 0 90 .04123 00

S26 46.4 6.4 40.68 5.61 9 34 40.68 5.61 9 9 8 a 1 1 255

35 4068 3 07 0 0 .09 0158
127 30 1 13 26 39 11.46 15 36 26.39 1 8 95 95 95 95

LANIN;g 82 9 .13 8 45 2 9 -7 54 1O 3 529 2.4 I O
39 45 29 3.07 0 1 0 09 .0023

71 A I 1 7 38.95 28 24 1 40 138 95 .-2 07 1 1 0 .1O 0019
41 It, 11 j -S G 09 0!17

G"OSD -3 40 31 II, 608 39 -2.07 1

TAKE-OFF 64 01 32 732 49.4 46.86 31.62 I .2 4t, 86 -2.07 1 I I 1 0327

CLION '-9 4 33 3 41.9 42.41 24.92 I 43 42.41 31.62 1 1 
"

PRE- 54.63 34 51 7 34.5 28.24 18 45 1 44 26 24 24 92 1 1 I
LANIbN G 35 59 9 51 32 72 28.24 19 45 32 72 28 24 1, IN 18 18

46 32 '7 25 18 I I 1
36 "51 7 46 I 28 24 25 18 19 47 28 24 25.18 18 18 18 18
37 76 8 47 9 41 96 26 17 I 48 41 96 18.95 1 1 I I 0067
38 65 7 56.2 35 89 30.70 4 (9 35.89 30.70 4 4 4 4
39 67.0 33.6 36 60 18 36 1 50 36.60 26.17 1 I 1
40 60 6 39 9 33 11 21.80 9 q1 33 I 21.80 8 8 8 8

52 33.11 18 36 1 1 1 1
41 57 4 43.1 31.36 23 55 48 53 31.36 23 55 47 47 47 47

I 54 3136 21.80 1 I
42 53.0 46 1 28 95 2% 18 294 55 28.93 2518 293 293 293 293

56 28 9S 21 55 1 1 I

7;0 71 3 43 115 608 - 39 -2.17 8 57 .39 -2 07
4 15 4 '6 2 . 52 -I 91 154 58 52 - 91 154 154 1 4

/NSF 280FLIGHT 0 3236 0 02

(1) The calculated 3tres, concentrAtlo- fACtor kll,/ at Control Point K50, 5 292
SN. 3 1, 2 92
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Table 2.1.3-VI

STRESS SPECTRA FOR NBB CONTROL POINT %0. 4 LOWER PLATE, AFT OI .ARU CUTJUT

(R.eerenc. F1,ur 2.1.3-4)

BASIC SPECTRALM RANGE PAIR COUNTED SPECTRUM
MISSI ON LIMIT
SEIC1E'I STRESS % CONDITION STRESS (KSI) STRESS (ES!) CYCIES PER FLICT fAIGUE DMGE(t)

(KS1) - - -SF 1.0. 1280 FLICKT
STEP MAX MIN MAX MIN STEP MAX MIN lO

0
T
H  

1

I X  
EVPRY COMPO.

SITE FT KT 3.60

GROUND -16.02 1 11.5 60.8 -1 84 -9.74 1 1 .1 84 -9.74 1 I I I

POST 97.63 2 85 1 51.5 83.08 50.28 .01 2 83 08 .1.84 1 0 0 .01 .0014 .0007
TAKE-OFF 3 76.6 51.5 74.78 50 28 .10 3 74.78 50 28 5 0 0 .01 .0002

4 74.78 .1.84 0 l 0 .09 .0098 0046
4 59 3 51.5 57.89 50.28 2 5 57.89 50.28 2 2 I 1 10

6 57.89 40.42 0 0 1 .90 0086
5 51 5 41.4 50.28 40.42 2 7 50.28 40.42 I I I 1
6 60.5 56.8 59.07 55.45 2 8 59.07 55.45 2 2 2 2
7 60 9 36.2 59 46 35.34 1 9 59.46 40.42 I I 0 .1 01'

10 59.46 -I.84 0 0 I 9 0535 0243
8 5) 5 44 5 49.30 43.45 29 11 49.30 43.45 28 28 28 28

12 49.30 35 34 1 I I 1 0012 I

CLIMB, 90.01 9 41.9 19.! 37.71 17.19 I 13 46.27 37.71 21 21 21 21
CRUISE, 10 51.4 41.9 46 27 37.71 22 14 46.27 32 13 1 I I 1 .0007
REFUEL 11 41 9 35.7 37.71 32.13 22 15 37.71 32.13 21 21 21 21 I

12 56.4 30.0 50.77 27.00 1 16 50.77 17,19 1 1 1 1 .0218 0013

13 30.0 11 8 27 no 10 62 1 17 35.C4 27.00 57 57 57 57 ,

14 39.6 30 0 35.64 27.00 58 18 35 64 10 62 1 1 1 I 002. I
15 30.0 25.3 27.00 22.77 58 19 27.00 22 77 5' 57 57 57 I

FLY-UP 47.29 16 64.2 23.9 30 36 11.30 1 20 30.36 22.77 1 0 0 0l1I

17 43.8 24 8 20.71 11.73 1 21 20 71 11 73 1 I I 1

TFR 47 29 I 60.7 45.3 28.71 21.42 ,10 22 2,1.71 11.30 1 1 0 10 )
19 51.7 26.3 24.45 17.44 1 23 24.45 21.42 1 1 0 .1

24 24.45 11 30 0 0 1 .9
20 42 3 32 4 20.00 15.32 7 25 20.00 15.32 7 7 7 721 45 5 7.6 21.51 3.59 1 26 21.12 12.44 1 1 1 1

22 30 1 16.9 14 32 7.99 132 27 14.23 7.99 131 131 131 131
28 14 21 3 59 I I I
29 12.72 7.99 1 1 1

23 26.9 -4.1 12.72 .1 94 I 29 12.77 7.99 1 I I 1
14 18.4 7.9 8 70 3.74 132 30 8.70 3.74 132 132 132 132
25 61.3 3.5 28 99 1.66 1 31 28.99 1.66 1 1 1 1 0007
26 46 4 6 4 71 94 3.03 9 32 21.94 3 03 9 9 9 9
27 30.1 13.1 14.23 6.19 95 33 14.23 6.19 95 95 95 95

PRE- 93 82 28 92.1 51.7 86.41 48 50 0I 34 86.41 - 2 95 1 0 0 01 .0010 0010
LANDING 29 82.9 -13 8 77 7 -.2 .95 I1 35 77.78 ,8:J O O .003 090136 77 78 .12 95 0 1 0 .09 0125 .0002

30 71 3 51 7 66 89 48 50 1 37 66 89 -1 74 I I I I 0938 04223

GROUND -16 02 3' 11.- 8 -1 8- -9.74 I11 _

TAEE-OFF 9' 63 32 73.2 4 .- 71.47 48 23 I 30 7! 47 32 37 1 1 I 1 0410 0O44

CLIMB 90.01133 71.3 1 9 64.18 37.11 1 3; 4 1U 4G 23. ! 3 I 1 0098

PRE- 93.82 34 51 7 34 5 48 50 32 37 1 40 48 50 37..! I I I I 1
LANDING 35 59 9 51 56 20 48 so 19 41 56 20 48 53 1 1 L 18 18

42 56 20 43 2 I I I 1 0028
36 51 7 46.1 48 50 43.25 19 43 48 .5 0 43 .2, 18 18 1 e1

37 76.8 47.9 72 05 44.94 1 44 72.05 .9 74 1 1 1 1 i16 0520
38 65.7 56.2 61 64 57.73 4 45 61 64 52 73 4 4 46
39 67 0 33.6 62 16 31.52 I 46 62 86 44 94 1 I I I .OIIS I
40 60 6 39.9 56085 3743 9 47 56051 37 43 09170

40 56085 310174.I
41 57.4 43 1 53.85 40.44 48 49 53.85 40 44 47 47 4 '7 .0803S50 53 85 37 43 9I I :00,,65[i 42 53 0 46.1 49.72 43.25 294 51 49 72 43 25 293 29 793 293

____52 49 72 40 44 I 1 I 1___

GROUJSD -16,02 43 11 5 60.8 -1 94 -9,74 8 53 .1 F4 I9 74 7 7
44 5,4 562 .2 7 -. o 154 54 -247 -O0 1 15 154

L n/N qF 1 0. 1280 6,11'fS 0 502 0 1473

(I) The calculated stress concentration factor (,) at Control Point
No. 4 1 3.60
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Table 2.1.3-VII

23660') SPECTRA FOR 8118 CONTROI POINT NO. 5, Y 932 Bill1) IOWER 81.6006

(Bi.B11l.CE HCUibo 2. 1.3-5)

MISSION LIMIT BASIC SPBL0RLT, RAN(,-PAIR CO11.D SPECTRUM

00 CIRES9 18113I ST81SS (40 CYCLE'; PE8 P1 1)IT EATIqVF 1AM GE(
1

STEP' MAX I MIN MAX MIN 3T, 616 MIN6 1 01 i 10-" LVFRY COOPo- SE 10 1280 F.IGH2TS

0120 .18.83 1 11 5 60.8 .2 17 -11,45 1 1 -2 17 -1145 1 1 1

POST 77 04 2 85 1 $1 5 60 56 39 68 .0! 2 65 56 -.1.45 I 0 0 01 0009 .0002

TAKP-OFF 3 76 6 51.5 59.01 39.66 10 3 59 01 39.68 1 0 0 01 0001
4 59.0 1 -I 45 0 1 0 09 0064 .0015

$1 4 $9.3 51 5 45.68 39 68 2 5 45.68 39.68 2 2 1 1 10
6 4568 31.89 0 0 1 90 0004

5 51.5 41.4 39.68 31 89 2 7 39 68 31.89 1 1 I 1
60 5 56,8 46.61 43 76 2 8 46 61 43.76 2 2 2 2

7 60 9 36.2 46.92 27 89 1 9 46 92 31 89 I I 0 .10 0()01
10 46 92 -11 45 0 0 B 0372 0070

8 50 5 44.5 38 91 34 28 29 II 38 91 34.2 2 28 28 28
12 3891 27.89 I I 1 1

C I1MB, 73.62 9 41.9 19 1 30.B5 14.06 1 13 37.84 30.85 21 21 21 21
CRUISE, 10 51.4 41.9 37.84 30.85 22 14 37 84 26 28 1 1 I I
REFUEL I1I 41 9 35 7 30.85 26 28 22 15 31.85 26.28 21 21 21 21

12 56.4 30 0 41.52 22 09 1 16 41 52 14.06 1 1 1 1 0102
13 30.0 I1 8 22 09 8 69 I 17 29 15 22.09 57 57 57 57
14 39.6 30 0 29.15 22.09 58 18 29 15 8 63 1

15 30.0 25 3 22.09 18 63 58 19 22 09 8.,63 17 57 7 17

FLY-UP 65 91 16 64 2 23 9 42.31 1 5.751 1 20 42 31 8 69 1 I I 1 0157
S17 43.8 24 8 28* B7 16 35 I 21 28 87 16.35 I 1 1 I

'HR b5 91 18 60.7 45.3 40 01 I29.861 10 22 40 01 15 75 1 I1 ) 0 1 .0006
19 51 7 26.3 34.0 8 I12.3 3 1 23 34 08 2 9 .86 I 1 0 :10

24 34.08 1575 0 0 1 .90

20 42.3 32 4 27.88 21 35 7 27 88 21.35 7 7 7 7

21 45.S 7.6 29.99 5.01 1 26 29 99 17.33 1 I 1 I

22 30 I 16 9 19.84 11 14132 27 84 11.14 131 131 131 131
28 19 84 5.011 1 1 1

23 26 9 .4 1 17.73 -2 70 1 29 17 73 11 14 1 1 I 1

24 104 9 1213 521 132 30 12 13 521 32 12 32 13,
25 61.3 3.5 40. 0 2.31 1 31 40 40 2 31 I 1 1 1 0178 0006

26 46 4 6.4 30.38 4.22 9 32 30.58 4.22 9 9 9 9 0071

27 30 1 13.1 IQ.84 8 63 95 31 19 84 8.63 95 5 95

PRE. S9.07 28 92.1 5 4 7 4.40 30 54 .o1 34 54.40 -2.1v1 I 0 ' .01 0005 001
L.,2D160 2q 82.9 .13.8 48.97 .8 15 ,10 35 48 97 30 54 1 0 0 01 0001

36 48 9 -2.70 0 09 0033 0006

30 71 3 1 3 4:12 B o51.7 42.12 30 54 9'7421 .8 1 10 0029 0009
36 42 12 -2.70 0 0 1 S) 0223 0021

GROUN) -18 83 31 111 60.8 -2 17 -11 45 I

TAK-OF1 77 04 32 73.2 49.4 56.39 38.06 1 39 " 39 -11 45 1 1 10625

C1.IMB 73.62 33 71.3 41.9 52.49 30.851 40 52 49 38.06 1 I I 0029
59t- V? -1i.,:. 3. , 3,, :. 20 3. 1 41 3 8 3.; !3 1., !f!

""N1. 35 59.9 51.7 35.38 30.54 19 42 35 38 27 i I 1 1 1

36 51 7 46 1 39.54 27.23 19 43 30 5. 27.z3 18 is 18 1sI37 7 6 8 7 9 45.37 28.29t 1 44 45 37 20 38 1 1o 111
| 38 65.7 56.' 39 81 33 20 4 45 3881 3"4 26 4 4 4 4

39 67.0 33.6 39.58 19.85 1 46 39 58 28.29 I I I

40 60,.6 39,9 35 80 2.1 57 9 47 35 80 23 57 8 8 8 8

43148 35080 19,83, 1 1 1 1
41 57.4 43.1 33.91 25.46 48 49 33 1 25.46 47 4) 7 47

5 0 3 3 9 1 2 3 1 7 2 1 1 1

4 42 53.0 46.1 31 j 27.23 294 5I 31 31 27.23 293 Q3 2 293

8021) -18 03 4 .3 11.1 60.8 .217 -11 45 8 53 -2 17 .11.45 7 7 7 "

42 96 -10.5$ 54 .2 90 .10.58 154 154 154

/B l .8 1 0, 1280 Pt.10000 7)31 0.0274

-5 K 0 Ry331

(I) The calculated stres concentration fActog (:T ) At Conitrol Point

No. S 1 3 31 9

I 9
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Table 2.1.3-VIII
0IXI6;S. S1101,A FOR 5h.0 CONTROL POINT NO. 6 UPPLR AFT OUTBOARD LOGERON ATTACHMENT

(RFERFNCI, FI(4RF 2.1.3-6)

MISSION Iit( BASIC SPECTR'L RANCL-FAIR COUNTED SPECTRIS'.
SECIENT NTRFSS -- -_____________ - - - -ATCEBSA.(1

(69() CONDITION STOROE (KSI) TRFSS (LSl) CYCLES P(R FLIGUT SFr IW (1)

STLF MAX MIN DAX MIN STFP DAX 41% I0H 102(" FVERY (ODINo- K"T- 5 0 lI -- 9'-0~SITE
CROUND 17 78 1 60 8 111.51 108 2 4I1 1 1 20

POS2 21.26 2 85 1 51 5 18.9 1 0.90 10.81 1 0 0 01
TAKE-OFF 3 76 6 51 5 16 29 10.95 .10 3 16.29 10.95 I 0 0 01

4 16.29 1081 8 1 8 09
4 59.3 51I5 12.61 10.05 2 5 12.61 10 95 I 1 0 10

6 12.61 1081 0 0 1 90
s 51.5 4-.14 10.95 890 2 7 10 95 204 1 I 1 1

s 12 61 8.80 I I I 1
9 10.95 8 I 1

6 605 56.8 12.86 12 08 2 10 (2.86 12 08 2 2 2 2
609 36.2 (2.95 770 I 1l 12 95 4.85 1 1 I

N 50.5 44.5 10.74 91.6 29 (2 1074 91.6 28 2s 28 28
, 1 0 74 7 70 1 1 I

CLIB. 25.37 9 41 9 19.1 10.63 4.85 I 1. 10 63 9 46 I 1 1
CRIESE, 10 51,4 41 9 13 010 63 22 15 13 04 10.63 21 21 21 2t
REFUTL 16 13.0I 9.06 1 1 I

1 41 9 35.7 10 63 9 06 2? 17 (0.63 9.06 21 21 21 21
12 56.4 30.0 14.31 7.61 I 18 (4.31 2.99 1 I 1 I
1? 300 11.8 761 299 I 19 10 05 7 61 57 57 57 57

396 300 1005 761 58 20 (0 05 1.42 1 1 1 1
15 30.0 25 3 7 61 6 4.2 68 21 7.1 6 02 5 5 7 57 57

FL.Y-O 02082 ( 6 642.23 953 17 (9279 I 22 53(17 -31.0 1 1 I 1 0467 0226
17 43.8 24.8 36 28 20.54 1 3 26 28 20 54 1 I I I

TFR 82.82 18 CO 7 45 3 50.27 37 52 10 2. 50 27 19 79 1 I 0 (0 009

1 19 51.7 26.3 42.82 21 78 25 42 82 37 52 I 0 (0
26 12.82 19,79 0 0 0 00671 20 42.3 32.4 35 03 26,83 35.03 26 83 7 7

21 45.5 7 6 37.68 6,29 28 37 68 21 78 1 1 1
22 30.1 16 9 24 93 14 0 (32 29 24.93 14.00 131 131 131 131

30 24.93 629 I I 1
23 26.9 -4.1 22,28 .3.40 1 31 22 28 14 00 1 1 1 1
24 18.1. 7,9 15.2. 6.54 (32 32 (5.24 6,54 (32 137 132 132
25 61,3 3 5 50.77 2.60 1 33 50.77 -1 67 1 1 0 (0 0040

34 50.77 2 90 G 0 I 90 031 ())
26 46 4 6 4 38.43 5 30 9 35 38 43 5 30 0 0 0 0 .0995 0(24

36 28.43 2 90 I I D 10 0014

37 38.43 4. 08 0 15 I 0 0125
27 30 1 13 1 24 93 10 85 95 30 24.93 (0 85 9. 94 04 94

39_24 93 5 30 1 1 1 1

12 1 92 1 .51 7 111 (1 (1) 4 11 1 7 10 85 1 0 0 01O

If 29 829 -13.8 10.06 167 1 106 627 0 m
1301 71(3 51(7 18.65 6.27 1 4.2 10.81 0 65 I 1~

ONO 17 78 31 11.5 60. (0 81 2.0. 1

AKE OFF 21 26 32 73.2 49 4 15 56 10 50 I 43 15 56 (0.50 1 1 10
4 44 15 56 (0 81 0 0 I 90

CLIMB 25 37 33 71 3 41 0 (089 10 63 I 1 45 18 O0 4 00 I I 0 10
46 18 09 ( 050 0 0 I 00

FI,- 12.13 34 51 7 34 5 6 2 1 1.7 7 27 6 27 18 Is 's 18
I.600NC 35 59 9 SI. 7 2; 1).27 19 1. 72' 99 1 I I I

36 5 I 7 1961 6 5 9 49 f 27 5 5,) IA Is (s In
37 76.8 W7 9 9 3 5 81 1 -so 1 (2 4 (8 1
33 65.7 56 2 7 97 6.82 51 97 0, ; 2 4 4 4
39 67.0 33 6 8 13 4 08 52 8 1 5 1 1 1 I
43 0.6 39.9 7.35 1 64 9 53 7.3 - .4 9 0

41 57.14 3.1 6.96 533 54 696 523 ,8 48 1. 41

42 53.0 46.1 6.43 5 59 294 55 6 43 5 9 203 23 293 33i43 60 a 11 10 2 04 8 (20 9 90 6 141 56 2 ('4 9.09 244 1 ., 0 21 4

n1.rtN. S 1I0 1280 i I IGHT
,  

Vtq7 0 0161,

(1) The calculAted itrer- concentr tlor, fu, toe (K
T ) 

At V,,rdIoint

No 6 ts 0
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2.1.3.2 Fatigue Analysis Using 1975 Updated Loads

Upon receipt of the 1975 updated fatigue loads it becamenecessary to determine whether fatigue testing using the updated

loads would be feasible. Consequently, a preliminary fatigue
analysis was run to determine the impact of tne updated loads.

Since stress math model data was not available, the following 41approach was used to develop the fatigue stress spectrum. Because

the spectrum was no longer defined as simple percentages of five
basic conditions, but rather as linear combinations of several
basic conditions (See Table 2.1.2-11), it was decided that, in
general, ratios of Mx (rolling moment at pivot) would be used to
estimate stress levels from existing NBB-5 series math models for
corresponding wing sweep angles. i.e. , arupdate = 0r NBB-5 X
MX update The updated moments used are essentially as shown in
Table 2.1.3-IX. This table reflects some small changes and correc-
tions made after the preliminary fatigue analysis was run, but
the effects on the fatigue analysis were considered insignificant.
For the 550 conditions, the stresses were related to both Mx and
My using constants obtained by considering AS 10000 (67.50) and
AS 9000 (250) simultaneously since no 550 models had previously
been run. In addition, the constants were wd for the 67.50
steps 67, 68, 69, 70, 71 and 72 to account for variations of My
from the value for AS 10000 because the ratioed AS 10000 stresses
were unrealistically conservative without correction for the varia-
tions. Using the noted assumptions and range pair counting the
test spectrum data, a preliminary damage summary for the control
points of FZS-219B was obtained. The summary is given in Table
2.1.3-X. Although damages for Kt=5.0 at control points 2, 3, 4,
and 5 are significantly higher than for the previous spectrum, no
serious problems are indicated when actual calculated Kt's are
used, Tt should be noted that some conservatism exists since all
corrections for were not made for the preliminary run in
order to expedite te analysis.

i ,Preparations are being made to perform a complete fatigue
analysis using stresses from NBB5 series models and the RI ana-
lytic fatigue spectrum.

2.1.3.3 UD 1 Documentation and Implementation

Procedure UD 1 for computing stress intensity factors for
fracture analysis was put on production and customer instructions
were complpted.
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TABLE 2.1.3-X
SUMMARY - PRELIMINARY WCTS FATIGUE DAMAGE ANALYSIS

1975 LOADS UPDATE

MISSION SEGMENT C.P.1 C.P.2 C.P.3 C.P.4 C.P.5 C.P.6

Ground 0.0 0. 0 0.0 0.0 0.0
Post-Take-Off 0.0135 0.0010 0.0181 0.0934 0.0365 0.0

V Subsonic Climb-Cruise 0.0012 0.0518 0.0097 0.1028 0.0420 0.0
Supersonic Climb - 0.0 0.0144 o.0 63 0.0001 0.0021 0.0263
Cruise-Descent ............
Refuel 0.0004 0.0154 0.0003 0.0453 0.0191 0.0
Subsonic Cr.- Des. 0.0162 0.0552 0.0428 0.1494 0.0820 0.0
TFR (67.50-.85M) 0.0 0.0002 0.0007 0.0 0.0 0.0
Fly-Up 0.0 0.0552 0.0672 0.0065 0.0243 0.0461
TFR (67.50 -.85M) 0.0 - 0.1588 0.2934 0.0 0.0042 0.0871
TFR (67.50-.95M) 0.0 0.0 0.0 0.0 0.0 0.0
TFR (550-.55M) 0.0 0.0712 0.0828 0.0005 0.0138 0.0098
Subsonic Climb - 0.0003 0.0189 0.0018 0.0630 0.0304 0.0
Cruise-Descent ............
Prelanding 0.0085 0.0247 0.0034 0.1101 0.0071 0.0
Ground 0.0 0.0 0.0 0.0 0.0 0.0
Post-Take-Off 0.0002 0.0 0.0145 0.0304 0.0308 0.0
Subsonic Climb 0.0 0.0045 0.0 0.0160 0.0057 0.0
Prelanding 0.0088 0.0232 0.0006 0.0630 0.0019 0.0
Ground 0.0 0 0 0.0 0.0 0.0 0.0
Post-Take-Off 0.0 0.0 0.0014 0.0030 0.0028 0.0
Subsonic Climb 0.0 0.0004 0.0 0.0016 0.0006 0.0
Prelanding 0.0008 0.0023 0.0001 0.0065 0.0002 0.0

f Ground 0.0 0.0 0.0 0.0 0.0 0.0

Damage:1) (Kt-5.0) 0.0499 0.4972 0.5633 0.6916 0.3035 0.1693

Calculated (t 2.17 2.30 2.92 3.60 3.31 3.89
Damage: % (Calc. Kt) 0.0 0.0 .0022 .1514 .0207 .0134

NOTES: 1. Range P Lr Counted F
2. 1280 Flights, Scatter Factor 1.0
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2.2 TESTING

Material testing, component testing, and full scale test
activities during this reporting period are described in this sec-
tion.

2.2.4 Material Testing

All material testing to be accomplished at Fort Worth was
completed except for the Credible Option Tests deferred in Decem-
ber 1974. Table 2.2.1-1 surnmnrizes the tests completed during this
report period.

The deferred tests include spectrum environmental fatigue
crack growth (4), 10 Nickel steel weldments (60), and fracture
mechanics tests regarding holes with cracks and fasteners installed
(15). Specimen fabrication and testing has been resumed and the
scheduled tests are listed in Table 2.2.1-11.

Specimen fabrication is required only from the 10 Nickel
steel weldments. The plates were welded and inspected prior to
this report period. The drawings depicting the weldments were
revi'ed to include specimen identification and to replace flat
tension specimens with round specimens for a reduction in machin-
ing cost. These revised drawings were released and are shown in
Figures 2.2.1-1 and 2.2.1-2. Material allocation plans, defining
specimen location within the weldments, were prepared and released.

There are (16) notched fatigue specimens (FTJ 10940-151) at
WPAFB to be tested to determine the effect of spectrum truncation
on the fatigue life of 10 Nickel steel. The required spectra has
been generated and supplied to AFFDL, programming has been com-
pleted, but testing has not begun.

Test results for all of the above tests will be incorporated
into the Material Property Data Test Report, FZM 6148.
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-' Table 2.2.1-I

II

CREDIBLE OPTION MATERIAL TEST COMPLETED
FROM 16 DECEMBER 1974 THRU 15 OCTOBER 1975

MATERIAL TYPE TEST SPECIMEN NO. QTY

10 Nickel Tension FTJI0940-1 18
Steel Compression FTJ10940-38 9

Shear FTJ10940-161 6
Bearing FTJ10940-62 6
Bearing FTJ10940-63 6
Charpy FTJ10940-100 36
Fatigue FTJ10940-134 18
Fatigue FTJ10940-202 54
Fatigue Crack Growth FTJ10940-199 6
Stress Corrosion FTJ10940-135 2
Stress Corrosion FTJ10940-136 6
Fracture Toughness FTJ10940-201 4

Beta Tension FTJ10940-1 4
Annealed Tension FTJ10940-8 4
6AL-4V Compression FTJ10940-38 4

Fracture Toughness FTJ10940-138 6
Fracture Toughness FTJ10940-139 6
Stress Corrosion FTJ10940-135 9
Fatigue FTJ10940-133 12
Fatigue FTJ10940-134 12
Fatigue Crack Growth FTJ10940-199 2

TOTAL 230
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2.2.2 Component Tests

All component tests to be conducted at Fort Worth were com-
pleted prior to this reporting period. Three Credible Option
Fastener Evaluation Tests (603FTB059) were tested to four fatigue A N
lives at WPAFB with no failures. A carry-on test program for
these specimens was defined and submitted to the AFFDL. The plan
requires the induction of a flaw in one of the Taper-Lok holes and
application of an additional fatigue life. To date this testing
has not been started.

2.2.3 Full Scale Testing

Full scale fatigue testing of the WCTS has begun, and is in
the early stages of the first fatigue life. The majority of the
full scale test activity was devoted to the mating of the WCTS in
the upper test fixture, test set-up operations and conducting the j
pre-test strain surveys. j
2.2.3.1 Mating of the WCTS

The mating of the full scale test article to the upper test
fixture was accomplished by General Dynamics during the period
18 February to 12 April 1975, as described in Section 3.2.

2.2.3.2 Test Set-Up Operations

Completion of the test set-up was accomplished by Structural
Test Facility personnel and included the following:

o Mating of the dummy landing gears and dummy wings to the

WCTS

o Mating the upper test fixture to the lower fixture 4
o Installation and check-out of the load control system, the

counter-balance system, and the attitude control system

o Pressurization check of the WCTS

o Hook-up and check-out of the hydraulic system and the
control/data systems.

o Conducting Category IV Baseline NDI/Inspections.
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An in-depth review of the Structural Test Program was conduct-
ed on 28, 29 and 30 May by General Dynamics and AFFDL personnel.
The review covered all phases of the test operation plans wich
emphasis on the safety of the wing carrythrough test structure.
In general, the Structural Test Facility plans were quite accep- /
table; however, a few changes were proposed by General Dynamics.
The most significant changes recommended are listed below. These
recommendations have since been reviewed by Structural Test Facility
personnel and, where appropriate, have been incorporated into the
test system.

o Incorporate a redundant run/dump solenoid pressure valve
in the hydraulic distribution and control sytem

o The programmed "Abort" mode should be programmed to re-
turn to zero load at a rate nearly equal to the loading
rate

o Record the fuselage and wing shear, moment, and torsion
voltage output in the back-up overload system on a direct
writing oscillograph

o An independent dump system should be utilized on the roll
control hydraulics

o An external timing marker should be utilized on all strip
chart recorders for coordination of charts

o Collars should be placed around rods on fuselage counter-
balance rams to protect against total power failure

o An emergency light source should be available for con-
trolled test shut-down in event of power failure

o Collars should be placed on Wl wing rams to limit roll
to 3k - 40

o During removal of Epoxy paint by grinding for mag rubber
pand dye penetrant inspection, all grinding marks should

be polished out

o Lubrication of the wing pivot pin should be accomplished
under a counter-balance system "active" status.
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2.2.3.3 Strain Survey

All five strain survey conditions required per the FZS-219B

Test Plan have been run plus one fatigue condition from the re-

vised Rockwell International fatigue spectrum. Instrumentation 1
available for monitoring these conditions consisted of 558 strain
gage channels (402 gages), 38 load cells, 46 deflection pots, and

one pressure transducer. These 643 channels along with one pro-
gram channel represent the total 644 channels available to the
AMAVS Program.

The results of these surveys have been reviewed for com-
patibility with the predicted stress magnitude and distribution.
Generally the test results had good correlation with the pre-
dicted values, but some deviations did occur. These variations
were analyzed and it was concluded that none represented an appre-
ciable impact on the fatigue test. Additional evaluation will be
required in some areas, however, prior to static tests.

Significant bending in both the upper and lower pivot lugs
was observed during the aft wing sweep condition (AS 10000).
One strain gage, located in the outboard lower corner of the for-
ward opening, monitored exceptionally high stresses as compared
with predicted values and adjacent gage results. An additional
gage has been added on the RH side in this same area and will be
monitored during future tests for comparison with the LH gage.

2.2.3.4 Full Scale Test Support

A design engineer was on site at the Structural Test Facility
at Wright Patterson Air Force Base during the period 18 February
to 30 June 1975. During this period, technical support was pro-
vided the General Dynamics factory crew during the mating opera-
t ion of the wing carrythrough to the upper test fixture. Also,
technical support was provided to Air Force Flight Dynamics
Laboratory personnel during the mating of the dummy landing gears,
the dummy wings, and the wing sweep actuator.

* LH gage number - 3007 SL
RH gage number (added) - 3007 SR
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j~SECTION 3 i

FACTORY PROGRESS

",

Fabrication and assembly of the WCTS was completed during
this reporting period. The WCTS was also mated to the upper
test fixture at Wright Patterson Air Force Base.

3.1 FABRICATION OF THE WCTS

All remaining planned Fort Worth Operations were completed
prior to shipment of the WCTS to WPAFB on 14 February 1975. 1
These operations consisted of the following:

o The installation of the upper cover center panel with
sealant and fasteners. The holes had already been
drilled and reamed.

o Drill, ream and installation of both upper pivot lugs
including their support beams

o Drill, ream and installation of both upper cover con-
toured panels including their support beams

o The installation of the upper fairing supports at YF932
and YF992 bulkheads, and the upper cover splices at
XF84 rib. These installations included hole drilling
and reaming.

o ThL drilling and reaming of full size holes to interface
with the forward longerons at YF932 and the lower center-
line longeron at YF992 . Undersize index holes were
drilled in the aft longeron tabs to locate the aft
simulated fuselage.

o Taper-Lok installations were completed in the YF932 and
YF992 bulkheads.

o The final installation of the aft removable access
covers, creating formed-in-place gaskets

o Drill, ream and final installation of the MLG trunnion
fittings and side load fitting

89

4 VLK-O



In addition to the deferred WCTS assembly items, the mating
task consisted of the following:4

Forward Fuselage

o Assembly and installation of the aft section of the
outboard shear web, including the splice to the WCTS

o The splicing of the weapon's bay skin to the WCTS

o The splicing of the upper and lower skins to the WCTS

o The splicing of the centerline simulated fuselage
upper longerons

o The splicing of the 25Olongerons

o The splicing of the weapon's bay longerons to the WCTS

o The splicing of the outboard upper and lower longerons

to the WCTS fittings.

Aft Fuselage

o Attaching the upper centerline longeron and the 250longeron to the WCTS

o Completing the assembly of the 603FTB205 and 603FTB206

outboard shear webs, including splicing to the WCTS
at XF119 and XF103 respectively

o Splicing of the upper and lower outboard longerons
to the WCTS. These splices utilize 1-1/4 inch taper-
loks and 1-3/8 inch straight shank bolts.

o Slicing of the upper and lower outboard MLG longerons
to the WCTS

o Splicing of the lower centerline longeron to the WCTS

0 Splicing of the centerline web and the routing tunnel
webs to the WCTS

o Installation of the upper and lower skin panels, in-
cluding splicing to the WCTS.
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o The boring and facing of the upper and lower pivot lugs

o The installation of the lower fairing support structure.

Prior to drilling of the longeron interface holes, the WCTS
was removed from the assembly fixture to allow final coordina-
tion between the fixture and the tooling gage. All drill plates
on the assembly fixture were found to be within acceptable toler-
ances and no changes were made. '7

Several WCTS assembly operations were deferred to facili-

tate mating with the forward and aft upper test fixtures at
WPAFB. These deferred items are listed below:

" Final location and installation of the forward outboard
longeron interface fittings. Full size interface holes
were pre-drilled at Fort Worth.

o The assembly and installation of the wing sweep actuator
fittings. This operation was deferred to allow taper
reaming of the lower longeron fittings.

" Holes and fasteners in the upper cover in area of the
centerline rib and common to the simulated fuselage
longeron

o Fasteners in the upper cover contoured panels at the
XF39 rib, common to the upper fairing of the simulated
fuselage

o Taper-lok installations through the YF932 bulkhead and
the closure rib, and through the XFl03 stiffener on the
YF992 bulkhead

o Miscellaneous fastener installations common to the
mating structure of the forward and aft simulated
fuselages.

3.2 MATING OF THE WCTS

The mating of the WCTS Lo the forward and aft upper test
fixtures was accomplished by General Dynamics at WPAFB commenc-
ing 18 February 1975. The major portion of this task was com-
pleted on 26 March at which time most of the factory crew re-
turned to Fort Worth. A smaller crew, consisting of four fac-
tory and one inspection personnel, remained at WPAFB an addition-
al three weeks to complete the mating task.
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There were some mating tasks left open at the time the last
' I of the factory crew returned to Fort Worth. They were accomplished

, the AFFDL Structural Test Facility personnel with the assistance
--%f the on-site General Dynamics Engineering Representative. The
most major items left open were necessary to facilitate the mat- A
,ng of the dummy landing gears atid to permit Category IV base-
.ine inspections. These included the installation of the upper
and lower aft skin panels. The oti.'r tasks left open were of a

.; iinor nature and were deferred t' permi t -he remaining factory
trew to return to Fort Worth without an c...,tional e-xtension.

4~ ...........................
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